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INTRODUCTION 

Occipital neuralgia (ON) is a common neuropathy that is usually 

described as ascending pain or discomfort of the occipital area of 

the head. The International Classification of Headache Disorders, 

third edition (ICHD-3) describes ON as a unilateral or bilateral 

paroxysmal, shooting or stabbing pain in the posterior part of the 

scalp, in the distribution(s) of the greater, lesser and/or third occip-

Objective: The study aims to show both the short- and long-term treatment outcome of oc-
cipital nerve block (ONB) patients with occipital neuralgia (ON). 
Methods: Patients who visited our hospital between 2013 and 2020 were reviewed retrospec-
tively. Patients were excluded if the medical records were incomplete, if they had received a 
cervical operation, if they had a traumatic event prior to the symptom onset, or if the fol-
low-up period was less than 3 months. ONB targeted the greater occipital nerve, the lesser 
occipital nerve or both. Short term follow-up period was defined as 3 months and long term 
was defined as 12 months. Injection consisted of a mixture of triamcinolone acetonide, lido-
caine, and normal saline. Visual analogue scale (VAS) was recorded and compared before and 
during the follow-up to period to assess treatment outcome. 
Results: Clinical charts of 309 candidates were reviewed and 72 patients were excluded, mak-
ing it 237 patients. VAS scores significantly decreased in both 3-month follow-up (from 
7.20±0.94 to 3.48 ±1.66, p<0.05) and after 1 year follow-up (from 7.20±0.94 to 2.71±1.07, 
p<0.05). Only 8 patients (3.3%) were refractory to ONB and the procedure was found to be 
relatively safe since only 2 patients (0.8%) showed transient side effects. 
Conclusion: There are many treatment options for ON. However, from the results of our study, 
conservative treatment via ONB may have sufficient effect in controlling symptoms of ON in 
both short and long term. 
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ital nerves (TONs). The pain can also show diminished sensation 

or dysesthesia which is usually related to tenderness of the involved 

nerve3,8).  

Although the description of the disease appears simple and 

straightforward, it is still very much poorly understood and the 

treatment options are controversial. The main cause of ON is 

thought to be irritation of the occipital nerves either by a muscular, 

vascular or neurologic problem20). However, patients’ symptoms 
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are miscellaneous and are not distinctive, leading to misdiagnosis. 

Therefore, differential diagnosis with other diseases such as infec-

tion, tumor, congenital anomalies, cervicogenic headache or other 

types of headaches is crucial12,19,20). 

Treatment options for ON are very broad and are still under 

debate. The most common initial approach to this disease is pain 

medication, physiotherapy and a simple occipital nerve block 

(ONB). ONB is a straightforward method that can be carried out 

bluntly without the assistance of imaging tools due to the lucid 

anatomical landmarks of occipital nerves. Other methods such as 

nerve ablation, open surgery, and nerve stimulation are all viable 

treatment options. However, none of them seems to fully satisfy the 

patient for pain reduction20). 

To the author’s knowledge, there is only one study regarding treat-

ment outcome of ONBs for ON using corticosteroids and there ar-

en’t any studies that look into long-term outcomes of ONB10). Some 

studies have shown that the simple nerve block method has only 

short-term effects (less than 2 month) making it a treatment option 

just for a bridging method for a more invasive measure since ON 

has a chronic aspect12,15,19,20). However, since there is no clear answer 

to the cure of ON, if symptoms can be controlled for a long and last-

ing time, the authors believe that more studies need to be carried 

out regarding non-surgical treatment methods. Therefore, the aim 

of this study was to find out if ONB could be a viable option for pain 

control for patients with ON in both the short- and long-term. 

MATERIALS AND METHODS 

A retrospective analysis of patients, who were admitted to our hos-

pital for ON and received at least one ONB from the year 2013 to 

2020, was carried out. The study followed the diagnostic criteria of 

ICHD-3 for ON. All patients received ONB either unilateral or bilat-

eral greater occipital nerve (GON), lesser occipital nerve (LON), or 

both. The short-term results were reviewed at 3rd month follow-up 

and long-term results were studied after 12th month follow-up. 

ONB was carried out at the outpatient department of our hospi-

tal, by one experienced physician who has had nerve block experi-

ence for over 12 years. It was done in a free-handed technique with 

no assisting imaging tools such as a C-arm, ultrasonography or 

computed tomography (CT). 

The entry point of the injection was focused mainly on the path 

of the GON and LON. Injection for GON was carried out 2.0 cm be-

low the external occipital protuberance and about 2.5 cm laterally 

from the midline. As for the LON the procedure was carried out 2.5 

cm below the external occipital protuberance and about 5 cm later-

ally from the midline (Fig. 1). 

Injection fluid(total volume, 8 cc) consisted of 4.5cc normal sa-

line, 3 cc lidocaine 2%, and 0.5 cc triamcinolone acetonide (20 mg/

cc). If patients had diabetes, the dose of triamcinolone acetonide 

dose was halved. Injection for each site was 2 cc. A 26-gauge spinal 

needle was used due to its long length which enabled our physician 

to insert the drug more evenly along the nerve’s pathway. The drug 

of 1cc was injected first on the initial puncture site. The rest of the 

fluid was then inoculated in a more distal portion along the nerve’s 

path. 

Visual analogue scale (VAS) was recorded to assess treatment 

outcome. Its scores were documented prior to the procedure, the 

2nd week, the 3rd month, the 6th month, and the 12th month after 

the procedure. Each score was compared to the initial score before 

ONB treatment started. If follow-up loss occurred, the VAS score of 

the last follow-up was recorded and compared with the initial VAS 

score. Some patients received more than one ONB, nevertheless, 

the authors compared the VAS with the initial scores. The follow-up 

periods in these patients were counted from the first nerve block as 

well, without considering the extra number of ONB.  

Patients received a combination of routine medication consisting 

of GABAnergic drugs, non-steroidal anti-inflammatory drugs, and 

muscle relaxants during the follow-up period. The treatment was 

regarded as satisfactory when the VAS was reduced at least 50% and 

the patient confirmed and stopped requesting more medication. 

1. Statistical Analysis 
The data collected were analyzed with IBM SPSS statistics version 

23(SPSS Inc., Chicago, IL, USA) for windows. Paired t-test was used 

to investigate if the difference in VAS between before ONB and after 

Fig. 1. The figure depicts the targets for occipital nerve block. Tar-
get A is for greater occipital nerve which is 2 cm below and 2.5 
cm lateral of external occipital protuberance (EOP). Target B is for 
lesser occipital nerve which is approximately 2.5 cm lateral from 
target A.
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ONB during the follow-up period was statistically significant. The 

analytic results were considered significant if the p-value was less 

than 0.05. 

RESULTS 

A total of 309 cases of ON receiving ONB were reviewed. Of the can-

didates, 72 patients were excluded from this study due to follow-up 

loss (26 patients), cervical trauma (16 patients), cervical operation 

(11 patients), or incomplete medical records (19 patients). Thus, 

the final number of candidates included in this study was 237. Their 

mean age was 53 (standard deviation [SD],13.6) years. There were 

113 males and 124 females. The mean follow-up period was 247 

(SD, 172.4) days. Co-morbidities including diabetes (9.7%), hyper-

tension (23.2%), smoking (16.0%), alcohol (25.7%) and combined 

degenerative cervical disease (45.1%) were considered during the 

analysis of collected data. 

The location where the ONB was carried out was GON, LON, 

or both. Of 237 patients, 65 (27.4%) received ONB at the GON, 37 

(15.6%) required ONB at the LON, and 135 (57.0%) received ONB 

on both GON and LON. A total of 133 (56.1%) patients received 

ONB unilaterally and 104 (43.9%) received bilateral ONB. The pro-

cedure seemed fairly safe since only 2 (0.8%) patients showed tran-

sient side effects such as dizziness or nausea. 

The initial mean VAS score (7.20±0.94) before ONB was com-

pared with each of the mean scores during follow-up periods 

after ONB; 2nd week (2.90±1.54), 3rd month (3.48±1.66), 6th month 

(3.06±1.55), and 1 year (2.71±1.07). Statistical analysis revealed that 

ONB was effective in decreasing pain scores to a satisfactory level 

compared to the initial VAS (p<0.00001; Table 1). 

DISCUSSION 

Neuralgia is defined as discomfort or pain caused by the irrita-

tion of one or more peripheral nerves3,20). The concept of neural-

gia along with ON was first introduced by Beruto and Ramos in 

18213,6,9,12,20). ON is also known as Arnorld’s neuralgia, C2 neuralgia, 

or occipital neuritis3,9,12). In recent studies, it is standardized as ON 

and the diagnostic criterion have been introduced by ICHD-38). 

Symptoms regarding ON overlap with other types of headaches, 

making it difficult to diagnose for physicians. Differential diagnosis 

is very important since each disease entity has a different treatment 

approach. Physicians usually confuse ON with cervicogenic head-

ache since they have many similar symptoms1,2,8) (Table 2). One 

of the key differences between ON and cervicogenic headaches 

is that the range of motion of the neck for the latter is limited due 

to aggravation of pain caused by neck movement. In addition, the 

pain lasts much longer in ON when it occurs. Although the initial 

treatment can be the same for both diseases, the outcome may dif-

fer completely since cervicogenic headaches are usually due to an 

anatomic problem of the cervical spine1,2,8). 

ON may seem to be straight forward, however, it is very difficult 

and confusing to treat, since this disease can have numerous differ-

ent causes (Table 3). Nevertheless, two main nerves involved in ON 

are GON and LON. GON is more commonly involved (90%) than 

LON(10%)20). Thus, understanding the anatomy of the involved 

nerve(s) is important for making a precise diagnosis and perform-

ing a targeted treatment plan.  

Occipital nerves have three main components: GON, LON, and 

TON. The origin of the GON is the medial branch of the dorsal 

ramus of C2. It usually transverses the inferior oblique muscle. It 

may pierce through the semispinalis capitis muscle or the trape-

zius aponeurosis. Either way, the main function of the nerve is to 

provide cutaneous innervation to the posterior scalp. The LON 

originates from the ventral ramus of C2 and C3. The nerve usually 

runs parallel to the posterior aspect of sternocleidomastoid muscle 

and pierces the deep fascia at the occiput (Fig. 2). The dorsal ramus 

of C3 is where TON originates. It provides innervation to the lower 

part of the occipital scalp and the upper cervical region. However, it 

is rare for the TON to be involved in ON3,6,12,13,15,19,20).  

Of a total of 237 patients, most (84.3%, n=200) patients recovered 

from their pain and discomfort with a single ONB. However, several 

patients needed more ONB to relieve their pain. The 37 patients 

(15.6%) needed another ONB within two weeks. Of these 37 pa-

tients, 11 received one more nerve block (29.7%) within 6 months of 

follow-up. Eventually, 8 patients showed refractory results to blocks 

after one year of follow-up. They had received 4 to 6 nerve blocks. 

Results of this study revealed that ONB could be used to con-

trol discomfort and pain in most ON patients. However, in some 

patients this was not the case, even with numerous ONB and 

medication. This could be due to the following reasons. First, the 

procedure might have lacked precision since it was carried out 

in a free-handed technique relying only on anatomic landmarks. 

Second, ON might have been misdiagnosed due to its overlapping 

symptoms with other types of headaches and diseases. There have 

been case reports regarding refractory headaches to medication 

and nerve blocks being solved after an anterior cervical discectomy 

and fusion16). Third, even though the procedure was successful, the 

Table 1. Difference of VAS between initial and after treatment
VAS average Paired t-test

Initial VAS 7.20±0.94
2 weeks after Tx (237 pts) 2.90±1.54
3 months after Tx (237 pts) 3.48±1.66 p<0.00001
6 months after Tx (114 pts) 3.06±1.55
1 year after Tx (72 pts) 2.71±1.07

95% confidence interval.
VAS: visual analogue scale; Tx: treatment; pts: patients.
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irritated or entrapped nerve might have had irreversible injuries. In 

cases like this a more invasive procedure such as open surgery5,9), 

nerve stimulation3,6,18,20), nerve ablation3,20,21) or pulsed radiofre-

quency method3,4,6,7) could be an option. 

ON has been well described for many years. However, there is 

still no unanimity for its treatment methods. Management of ON 

patients can differ from patient to patient. Even with an invasive 

procedure, symptoms might not improve at all. From results ac-

quired in this study, ONB not only seems to have an immediate 

effect, but also has a relatively lasting and satisfactory outcome in 

most patients. Also, the procedure itself seems relatively safe. In-

jection of corticosteroid and lidocaine has been found to be safe as 

well6,10,14,15). 

Recent studies recommend ultrasonography or CT guidance 

for a more accurate procedure11,13,17,21). However, considering the 

extra time needed for the preparation of the procedure and extra 

expense required if such means are used, the efficacy and sim-

plicity of the treatment seem to be neglected. Also, considering 

the medical environment of an outpatient department in South 

Korea, a simple ONB is very efficient considering the time and cost. 

Although our study did not compare treatment results between 

groups who used imaging modalities and groups who did not use 

them, results from our study already show statistically significant 

and satisfactory outcomes. The goal of the nerve block is to reduce 

inflammatory effects by injecting a reasonable amount of steroid 

and lidocaine around the compromised nerve. Thus, if physicians 

know the general anatomic course of the affected nerve, a simple 

injection will usually suffice. Also, there are no anatomically criti-

cal aspects to consider around the occipital nerve, which explains 

why a simple procedure can have satisfactory results. Nevertheless, 

future studies should be carried out to prove a difference in the 

treatment outcomes between patients who received ONB with or 

without imaging modalities. 

The main limitation of our study was that it was carried out 

retrospectively making it impossible to randomize, control or dou-

ble-blind patient selection. In addition, evaluation means for treat-

ment outcome could only be carried out with VAS, which is a rather 

subjective scale relying solely on the patient’s response. 

Also, ONB was applied simultaneously with the use of pain con-

trolling medications. Even if patients’ symptoms were relieved and 

sustained, this study has limitations in proving if the pain reduction 

was due to solely from ONB, medication or from both.  

One aspect that our study failed to do was to unify the number 

of frequencies of ONB. During the follow-up period, numerous 

Table 2. Differential diagnosis of occipital neuralgia
Occipital neuralgia Cervicogenic headache

Laterality Unilateral, bilateral Unilateral, no side shift
Severity Moderate to severe Moderate to severe
Location Occipital area of head Posterior neck, occipital head, fronto-parietal head, retro-orbital
Duration Few sec-min 1 hr-weeks
Frequency Chronic Chronic
Associated symptoms Pain running up neck to occipital area Similar but milder
Triggering factors Muscular, vascular, neurogenic Neck movement, pressure on neck

Table 3. Possible causes of occipital nerve irritation
Category Cause of nerve irritation
Vascular Irritation of the C1/2 nerve roots by an aberrant branch of 

the PICA
Dural AVF
Bleeding from bulbocervical cavernomas
Giant cell arteritis
Fenestrated vertebral artery pressing on C1/C2 nerve roots
Aberrant course of the vertebral artery

Neurogenic Schwannoma in the area of the craniocervical junction
C2 myelitis
Multiple sclerosis

Osteogenic C1/C2 arthrosis atlantodental sclerosis
Hypermobile C1 posterior arch
Cervical osteochondroma
Osteolytic lesion of the cranium
Exuberant callus formation after C1/C2 fracture

PICA: posterior inferior cerebellar artery; AVF: arteriovenous fistula. [Re-
printed from “Neuralgias of the head: Occipital neuralgia”, by Choi I, Jeon 
SR, 2016, J Korean Med Sci, 31, pp.479-88. Copyright 2016 by the Korean 
Academy of Medical Sciences. Reprinted with permission].

Fig. 2. Key anatomy of the occipital nerve and its surroundings 
showing both the muscular structures and the distribution of great-
er, lesser and third occipital nerves.
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patients received ONB more than once if symptoms recurred even 

after the first injection. The authors believed that the treatment ap-

proach of ON is pain management rather than cure, since ON has a 

high potential to turn chronic. Thus, the number of injections was 

considered not a major factor in seeing its effects in both the short 

or long term. Nevertheless, in order for a more accurate result, the 

unification of the frequencies of ONB is probably necessary. 

CONCLUSION 

Although there are many reasons for ON, a simple nerve block can 

be administered with a relatively successful result for pain reduc-

tion. Also, since the procedure itself is relatively safe and quite easy 

to carry out, physicians should not be reluctant to use it as a means 

for controlling pain in the short and long term. 
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INTRODUCTION 

Common peroneal neuropathy (CPNe) is a usual cause of dropped 

foot, which results from various causes, including idiopathic caus-

es, iatrogenic causes, tumors, and trauma. Taking detailed patient 

history and performing neurological examination are the most im-

Objective: This study aimed to assess the clinical applicability of magnetic resonance imaging 
(MRI) for the early diagnosis of common peroneal neuropathy (CPNe). 
Methods: Over three years, the authors have treated 58 patients with CPNe. All patients had 
clinical or neurophysiological confirmation of CPNe. Among them, 35 (60%) patients under-
went axial knee MRI with a 1.5-Tesla scanner. These 35 patients were selected for study and 
were classified into three groups according to the time of examination after the occurrence of 
dropped foot–acute, subacute, and chronic onset groups. According to muscle appearances 
(normal, edematous change, and atrophy), we diagnosed them with CPNe, except for those 
with normal morphology. We evaluated the applicability of MRI in the diagnosis of CPNe com-
pared to that of electromyography (EMG). 
Results: The 18, 11, and six cases were included in the acute, subacute, and chronic onset 
groups, respectively. In the acute onset group, three cases had normal muscle appearance, 
while 15 cases had edematous changes in the affected muscles. In the subacute onset group, 
eight cases had edematous changes, while three cases showed muscle atrophy. In the chronic 
onset group, six cases had muscle atrophy. CPNe could be diagnosed using MRI in about 
91%(32/35) of all the cases. Excluding the chronologically chronic stage, diagnosis rate was 
approximately 89%(26/29) of all the cases. However, only in 27 cases (77%) denervation po-
tentials were presented on EMG. 
Conclusion: According to our results, MRI is a helpful diagnostic modality, especially in the 
early stage of CPNe, and may lead to proper management. 
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portant initial clinical approaches to reach a diagnosis of suspected 

CPNe, while final diagnostic confirmation depends on the electro-

diagnostic study (EDX)1,7,14).  

As neuropraxic lesions rarely show positive electromyographic 

finding5), for EDX, patients have to wait for confirmation of diagno-

sis until Wallerian degeneration initiates after the onset of symp-

36



tom; thus, it could take a certain amount of time to establish the 

diagnosis. In contrast, magnetic resonance imaging (MRI) requires 

no such delay to find denervation and has played an important role 

in the detection and characterization of pathological conditions of 

skeletal muscles that change muscle signal intensity4). 

The CPNe innervates the muscles of the anterior and lateral 

compartments of the lower leg1). Peroneus longus is situated in 

the lateral compartment and both extensor digitorum longus and 

tibialis anterior in the anterior compartment3) (Fig. 1). Using con-

ventional MRI, CPNe can be diagnosed with signal changes from 

denervation of these muscles. 

For 3 years, the current study’s authors performed conventional 

knee MRI in patients with CPNe and found signal changes in the 

muscles in the antero-lateral compartment during diagnostic pro-

cess. The purpose of this study was to assess the clinical applicabil-

ity of MRI for the early diagnosis of patients with CPNe. 

MATERIALS AND METHODS 

We retrospectively examined medical records of 58 patients diag-

nosed with CPNe confirmed by clinical approaches or EDX from 

December 2017 to December 2020. Among these patients, 35 

underwent axial MRI with a 1.5-Tesla scanner (Gyroscan Intera; 

Philips Medical Systems, Best, the Netherlands) from the apex of 

the popliteal fossa to 20 cm distal from the fibular head. Only these 

subjects were included in the study. 

Patients were classified into three chronological groups accord-

ing to the time of examination after the occurrence of dropped 

foot—acute, subacute, and chronic onset groups. Patients in the 

acute onset group underwent examination within the first 1 to 2 

weeks of onset, those in the subacute onset group underwent ex-

amination within 3 to 4 weeks of onset, and those in the chronic 

onset group underwent examination after >4 weeks of onset. 

MRI was performed for all the subjects for this study immediate-

ly after the initial clinical evaluation. The muscle findings of MRI 

were chronologically classified as shown in Table 1. Short tau in-

version recovery (STIR) images are highly water-sensitive, and the 

timing of the pulse sequence used suppresses signals coming from 

fatty tissues; therefore, only water molecules are visualized bright. 

The acutely and subacutely denervated muscle shows a high-signal 

intensity pattern on fluid-sensitive sequences and normal signal 

intensity on T1-weighted MRI because of muscle edema. In chron-

ic denervation, muscle atrophy and fatty infiltration demonstrate 

high signal changes on T1-weighted sequences association with 

volume loss. Effectively applicable ranges of muscle volume to de-

fine atrophy, of muscle/fat infiltration ratio to define atrophy, and 

of the degree of signal intensity to define muscular edema were not 

available in other literatures. This problem could have been solved 

if we compared the MRI of the affected side to that of the unaffect-

ed side, but we could not perform the MRIs of both knees due to 

the longer time required and the financial reason. Therefore, we 

depended upon the radiologist’s reading and the double-checking 

from 2 of the authors (C.G.Y. and Y.J.S.). 

All patients underwent EDX 4 weeks after onset. If the neurop-

Fig. 1. Schematic description of the muscles and compartments on 
the right knee for the diagnosis of common peroneal neuropathy. T: 
tibia; F: fibula; TA: tibialis anterior muscle; EDL: extensor digitorum 
longus muscle; PL: peroneus longus muscle.

Table 1. Summary of the MRI findings of muscle denervation in the 3 stages and their corresponding histological features
3 stages Histological changes of denervated muscles MRI signal changes within muscle
Acute (<2 weeks) Edematous T2-WI Increased

STIR Increased
Subacute (2–4 weeks) Further increase in extracellular water T2-WI Increased

STIR Increased
Chronic (>1 month) Fatty infiltration and atrophy T1-WI Increased

T2-WI Increased

MRI: magnetic resonance imaging; T2-WI: T2-weighted image; T1-WI: T1-weighted image; STIR: short tau inversion recovery.
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athy was chronic, the patient underwent EDX immediately. The 

result of delayed nerve conduction velocity (NCV) was subdivided 

into muscle denervation and without. The study was approved by 

Chuncheon Sacred Heart Hospital Institutional Review Board. 

RESULTS 

1. Baseline Characteristics 
Table 2 represents the demographic data of the patients. The sam-

ple showed 2:1 ratio between male and female. The patients’ age 

ranged from 25 to 76 years, and the mean age was 49.3 years. The 

etiologies of CPNe were idiopathic in 32 patients (91.4%) and trau-

matic in 3 patients (8.6%). In 3 patients with traumatic CPNe, there 

was no direct injury to the musculature related to the CPN. The 

modes of trauma were fibular fracture in 2 patients and laceration 

of the knee in 1 patient. We could not find a significant difference in 

the affected laterality. The chronicity of the CPNe was: acute in 18 

(51.4%); subacute in 11(31.4%); chronic in 6 (17.1%) patients. 

2. MRI Appearances of the Muscles 
MRI showed positive findings in 32 cases. The classified findings 

are summarized in Table 3. The affected muscles were: multiple 

muscles in the anterolateral compartment simultaneously in 30 

cases; single muscle (peroneus longus) in two cases. CPNe could 

be diagnosed using MRI in about 91%(32/35) of all the cases. Ex-

cluding the chronologically chronic stage, the diagnosis rate was 

approximately 90%(26/29) of all the cases. The MRI changes in 

the affected muscle included a high-signal intensity in fluid-sen-

sitive sequences (T2-weighted and STIR images) in 23 cases and a 

high-signal intensity of fat infiltration and atrophy with decreased 

muscle volume (T1-and T2-weighted images) in 9 cases. 

3. EDX Results 
All the patients showed abnormality in the NCS, but in 8 patients, 

normal electromyography (EMG) was obtained. In the acute onset 

group, eight cases had delayed latency of NCV with normal EMG. 

In the remaining 27 cases (77%), positive sharp waves and acute 

fibrillation were noted, confirming muscle denervation. 

DISCUSSION 

The common peroneal nerve (CPN), a branch from the sciatic 

nerve, descends obliquely along the lateral side of the popliteal 

fossa to the head of the fibula and then winds around the neck of 

the fibula. The CPN enters the anterior and lateral muscle com-

partments of the leg and gives branches. These include superficial 

peroneal nerve, which innervates peroneus longus and brevis for 

ankle eversion; deep peroneal nerve, which innervates the tibialis 

anterior for ankle dorsiflexion as well as the extensor digitorum 

longus and brevis for toe extension1,7,13,14). We thought the connec-

tion between the CPN and the muscles might lead to the diagnostic 

potential of MRI by identifying alterations in muscles. 

During muscle denervation, muscle blood content increases as 

the intramuscular capillary bed get proliferated. Also, extracellular 

fluid within the denervated muscle cells increases, probably due to 

increased cell membrane permeability and reduced Na-K-ATPase 

function2,8,10). Therefore, abnormalities are seen in the denervated 

muscles on water-sensitive MRI sequences4,6,9,12). Peripheral nerve 

injury also induces metabolic changes. Glucose metabolism takes 

place in the way that new glucose uptake is inhibited while gly-

colysis is activated. Furthermore, proteolysis increases10). These 

metabolic changes result in morphological change, shown as atro-

phy. This phenomenon occurs as soon as the nerve gets damaged 

and can also be demonstrated histologically as a reduction in the 

muscle fiber diameter. As atrophy progresses, the ratio of fat to pro-

tein tends to increase2,6,8,10). Therefore, we can see the shrinkage of 

muscle bulk and the fatty infiltration within the muscle in chronic 

denervation. In experimental studies, moderate atrophy was seen 

as early as approximately 10 to 12 days after denervation. However, 

it typically takes 3 weeks after the insult to the nerve to observe 

pathognomonic findings histologically8). 

Table 2. Demographic data of all patients (35 cases)
Variables Value (n=35)
Mean age (range) 49.3 (25–76)
Sex
 Male 21 (60.0)
 Female 14 (40.0)
Causes
 Idiopathic 32 (91.4)
 Trauma 3 (8.6)
Affected side
 Right 19 (54.3)
 Left 16 (45.7)
Duration of symptoms
 Acute 18 (51.4)
 Subacute 11 (31.4)
 Chronic 6 (17.1)

Table 3. MRI appearances of affected muscles
Stages Cases MRI appearance
Acute 3 Normal

15 Edematous
Subacute 8 Edematous

3 Atrophy
Chronic 6 Atrophy

MRI: magnetic resonance imaging.
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Several clinical and experimental studies have demonstrated 

signal changes in the denervated muscles on MRI3,4,6,12). An ani-

mal-based study demonstrated that changes could be observed 

on MRI as early as within as 24 hr after injury6). In a clinical study, 

an abnormality from denervation could be demonstrated within 4 

days of injury12). In this study, we performed a conventional axial 

MRI of the knee, which revealed the degree of muscle denervation 

according to its time course. In three cases, however, we could not 

find any signal changes in the muscles although we performed MRI 

3 to 5 days after the onset. This result did not match the results of 

the aforementioned studies.  

Acute, subacute, and chronic stages were defined by shortening 

the generally used period classification to evaluate the usefulness 

of early diagnosis. According to our results, early diagnosis before 

chronic denervation was possible in 74%(26/35) cases. This fact, 

despite the lack of adequate sample size, calls for the need to fur-

ther study the usefulness of MRI. 

EDX changes occur within the affected muscles after denervation, 

which can be demonstrated on EMG7). It has been shown experi-

mentally that early detection of spontaneous activity of the affected 

muscle is possible. However, the EMG changes are considered to oc-

cur late, justifying the clinicians to delay the exam for at least 2 weeks 

from the injury4,6). In addition, EDX is generally known for its inva-

siveness4,6,11). In our study, all subjects showed abnormal EDX find-

ings, and 27 (77%) patients had muscle denervation. The detection 

rate of denervation was similar to the early diagnosis rate of MRI. 

We would like to briefly present 2 cases demonstrating the use-

fulness of MRI in the diagnosis of CPNe. A 52-year-old male patient 

presented to our clinic with a chief complaint of right-sided progres-

sive dropped foot 2 weeks prior to consultation. On admission, a 

positive Tinel sign was found on the fibular neck, and neurologic ex-

amination revealed ankle dorsiflexion Grade 3/5, big toe dorsiflex-

ion Grade 3/5, ankle eversion Grade 4/5, and ankle inversion Grade 

5/5. MRI showed muscle swelling of the anterolateral compartment 

without atrophy (Fig. 2A). Given these results, the diagnosis of 

right-sided CPNe was made, and the patient was advised to wait for 

spontaneous recovery. After 1 month, EMG revealed muscle dener-

vation compatible with CPNe. In this case, we were able to make an 

early diagnosis based on both MRI finding and clinical manifesta-

tion prior to EDX, due to the required waiting time for detection. 

In another case, a 55-year-old male patient visited our clinic with 

sudden onset of left-sided dropped foot 3 months prior to consulta-

tion. On admission, neurological examination revealed ankle dor-

siflexion Grade 1/5, big toe dorsiflexion Grade 2/5, ankle eversion 

Grade 2/5, and ankle inversion Grade 5/5. EMG showed muscle 

denervation related to the CPN, and MRI revealed fatty infiltration 

with atrophy of the antero–lateral compartment of the lower ex-

tremity (Fig. 2B). We diagnosed the patient with left-sided CPNe 

and performed external neurolysis and decompression via the fib-

ular tunnel approach. At the 1-month follow-up after surgery, there 

Fig. 2. (A) Axial fat-saturated T2-weighted magnetic resonance imaging (MRI) (TR, 3500 ms; TE, 65 ms) at the level of the proximal en-
trance to the fibular head demonstrating edematous high signal changes within muscles of the anterolateral compartment of the lower 
extremity. (B) Axial T1-weighted MRI (TR, 150 ms; TE 4800 ms) showing fatty infiltration and atrophy of the affected muscles in the an-
terolateral compartment.
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was an improvement in muscle strength. In this case, we could ob-

serve the EMG findings of denervation atrophy were well portrayed 

in the MRI as fatty infiltration in the muscle and the shrinkage of 

muscle volume. 

Both EMG and MRI can diagnose muscle denervation and docu-

ment the time course of muscle atrophy4,6,11). However, considering 

the invasiveness and time-consuming aspect of EDX, and as MRI 

can portray the electrophysiological and histological changes after 

denervation, MRI can be an effective tool for localizing and defin-

ing the extent of CPNe4,6,9,12). 

This study has some limitations. First, as a retrospective study 

from a single institution, there was potential for several biases. Sec-

ond, we enrolled a small number of patients; thus, the results of our 

study cannot be generalized. 

CONCLUSION 

According to our results, MRI is a useful diagnostic modality for de-

tecting and assessing CPNe in the early stage of management. 
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INTRODUCTION 

Vertebral compression fracture (VCF) is a common type of fracture 

of the skeletal system20). Because most of its etiology is osteoporot-

ic, approximately 1.4 million cases are recorded annually, and its 

prevalence is increasing as the population ages worldwide13).  

VCFs can result in severe pain, spinal misalignment, kyphosis, 

increased days of bed rest, decreased pulmonary function, inabil-

Objective: To confirm the benefits of vertebroplasty (VP) in selected patients with acute ver-
tebral compression fracture (VCF) and analyze whether the study of a weight dynamic plain 
lateral radiograph would help in making decisions to perform VP. Using retrospective analysis, 
we aimed to determine the radiological characteristics of patients benefiting from VP. 
Methods: Data were collected from 54 patients (age, 56–97 years) diagnosed with osteoporo-
sis and compression fractures between December 2013 and January 2018. Each patient was 
hospitalized with ≥2 weeks of absolute bed rest (ABR) and treated for osteoporosis. Plain lat-
eral supine radiography of the fractured spine was performed prior to diagnosis, and both su-
pine and standing spinal radiographs were taken 1 and 2 weeks after ABR. Patients were cate-
gorized into the VP and non-VP groups 2 weeks after ABR. 
Results: Although patients with worse pain and functional progress were selected to undergo 
VP, patients in the VP group presented better outcomes in the fourth week of evaluation than 
those in the non-VP group. In a retrospective analysis of the radiographic study, changes in 
the compression rate between supine and standing (weight-bearing) X-rays (ΔCR), showed a 
statistically significant correlation with the patient’s outcome in the second week. 
Conclusion: VP was found to be an effective management option for patients with VCF. A 
weight-bearing radiographic study of VCFs provided valuable information on patient selection 
for VP. Therefore, patient selection based on subjective surveys and radiological studies to de-
termine the benefits of VP could be a beneficial management strategy. 
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ity to perform activities of daily living, depression, and marked 

reduction in the quality of life and are associated with morbidity 

and even mortality in patients with osteoporosis24). Thus, adequate 

prevention and management are essential for reducing these bur-

dens30).  

The normal evolution of spinal VCF is reported to be sponta-

neous consolidation, with progressive decrease in pain during a 6 

to 8-week period21). The current guidelines for standard treatment 
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suggest conservative medical care with rest, analgesia, and exter-

nal bracing22). In addition, with advancements in medical options, 

including pharmaceuticals, such as teriparatide, romosozumab, 

and denosumab, conservative osteoporosis treatment has become 

more effective17). However, conservative care can also exacerbate 

bone demineralization, and patients may have to tolerate the ad-

verse effects of anti-inflammatory drugs and analgesics28). Further-

more, patients can become dissatisfied with prolonged bed rest 

because it may cause pneumonia, urinary infection, bedsores, and 

deep venous thrombosis26). Vertebroplasty (VP) or open surgery, 

which is performed to prevent abnormal motion, restores vertebral 

height and corrects kyphosis and may be considered in patients 

refractory to medical therapy1,9). 

VP, in particular, was first developed in France by Galibert et al.11) 

in 1987. It is an internal fixation method that utilizes medical ce-

ment injections, thereby uniting the fragments and preventing frac-

ture fragment motion1,11). This fixation principle in acute fracture 

pain management has also been well accepted in the management 

of other skeletal fractures18). However, with the publication of the 

INVEST study by Kallmes et al.15), the Australian trial by Buchbind-

er et al.4), and the VERTOS IV trial10), the merits of VP are under de-

bate. Nevertheless, as a relatively non-invasive, low-risk procedure, 

which is believed to provide immediate and durable pain relief 

and improve function in patients with painful VCFs, VP is the main 

method in the management of osteoporotic and malignant verte-

bral fractures5,6,8). 

Selecting a patient who is refractory to conservative care is key to 

maximizing the potential benefit of VP3). Although the current clin-

ical guideline recommendations have generally been inconsistent 

and based on clinical and subjective parameters, there is a limit to 

determining the viability of VP based on clinical status alone22,25). 

Therefore, our study aimed to determine whether radiological 

studies provide information on the structural instability of the le-

sion and contribute to patient selection for VP. 

MATERIALS AND METHODS 

This retrospective cohort study was conducted in accordance with the 

Declaration of Helsinki, and the protocol was approved by the ethics 

committee prior to study initiation (IRB No. DMC 2019-02-001). 

1. Data Collection 
The study was based on data collected from December 2013 to 

January 2018, comprising 129 patients hospitalized in the emer-

gency room(ER) with acute back pain for <1 week. Among the 

129 patients, 54 were finally included in the analysis based on the 

inclusion and exclusion criteria, and their data were collected 

from medical charts, radiological images, and surgeons’ records. 

The inclusion criteria were as follows: (1) acute VCF on magnetic 

resonance imaging (MRI); (2) age, 50 to 100 years; and (3) osteo-

porosis diagnosis with bone mineral density (BMD) (T-score ≤-2.5) 

on a dual energy X-ray absorptiometry. The exclusion criteria were 

as follows: (1) potential harm to patients with cardiopulmonary 

conditions (pneumonia, chronic obstructive pulmonary disease, 

and chronic heart failure) in the absolute bed rest (ABR) state; (2) 

threecolumn vertebral fracture; and (3) pathological lumbar spine 

conditions (tumor or infection).  

2. Patient Management Protocol and Assessment Tool 
All patients were hospitalized from the ER immediately after an 

acute VCF diagnosis with newly developed back pain. Hospital 

care was required for all patients for at least 4 weeks, and 2 weeks 

of ABR was mandated, even during mealtimes or while using the 

toilet. Opioid and/or non-steroidal anti-inflammatory drugs were 

administered to control pain. All patients were injected with teri-

paratide (20 μg daily, SQ) and treated with calcium and vitamin D 

supplements for osteoporosis. 

Patients eligible for VP were selected after 2 weeks of conser-

vative care with mandated ABR. Specifically, patients who were 

refractory to conservative care, primarily defined as those with a vi-

sual analog scale (VAS) score ≥5 or Oswestry Disability Index (ODI) 

score ≥30 were selected for VP. Among patients with a VAS score of 

5, two patients showed prominent improvement in the ODI score, 

reporting a >5-point decrease in the recent week. As they have 

shown progress, they were deemed responsive and continued to 

receive conservative care. Regardless of the selection, conservative 

care under hospitalization continued for another 2 weeks or more 

without mandatory ABR, totaling 4 weeks of hospital care at least. 

All VP procedures were performed percutaneously by a single 

neurosurgeon using the +transpedicular method. Patients were 

then categorized into VP and non-VP groups for the retrospective 

analysis of radiological and clinical status to determine the char-

acteristics of patients refractory to conservative care and the pre-

dictive values that the patients eligible for VP would show. In par-

ticular, fracture level, age, sex, body mass index, and bone mineral 

density (BMD) of the two groups were analyzed. 

3. Radiological Assessment 
On the day of admission, MRI and BMD evaluations were per-

formed to confirm the diagnosis of VCF. Initially, supine radio-

graphs of the lateral spine view were obtained from each patient. 

Radiographs of the lateral view of the non-weight-bearing supine 

and weight-bearing standing positions under rigid thoracolumbo-

sacral orthosis brace support were taken during the first and sec-

ond week after hospitalization with ABR. Four weeks after the date 

of hospitalization, only radiographs of the lateral view of the non-

weight-bearing supine position were studied (Fig. 1). 

Vertebral body stability was evaluated by comparing the com-
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pression rate (CR) with the change in vertebral height of the frac-

tured bone and lordotic angle (LA) in the supine and standing lat-

eral radiographs 1 and 2 weeks after admission. Thereafter, CR was 

used to calculate the estimated percent ratio of compressed lost 

vertebral body height to the estimated normal anterior height. The 

calculation formula is as follows (Equation 1; Fig. 2): 

Equation 1. Compression rate (%) formula 

CR (%)= × 100 

LA was measured using the Cobb’s angle made by the upper and 

lower endplates of the fracture body (Fig. 2). ΔCR was defined as 

the change in the compression value between the supine (non-

weight-bearing) and standing (weight-bearing) radiographs. Spe-

cifically, ΔCR was calculated by subtracting the CR value in the 

standing position from the CR value in the supine position (Equa-

tion 2). 

Equation 2. Δ CR formula 

ΔCR = (CR supine) – (CR standing) 

The loss of vertebral height and bone edema on MRI was con-

firmed by radiology specialists to determine compression fractures. 

Measurements of the radiological features were then performed by 

two neurosurgeons, and the average value was used for analysis.  

4. Clinical Assessment  
We used the VAS and ODI scores at the initial assessment and 1, 

2, and 4 weeks after admission. VAS scores for back and leg pain 

were measured separately on a scale of 1 to 10, with 0 representing 

no pain and 10 representing the most severe pain imaginable. ODI 

scores are one of the principal condition-specific outcome measures 

used in spinal disorder management using a 50-point questionnaire, 

with 0 representing no disability and 50 representing bed-bound-

edness or exaggeration of symptoms. Clinical scores of VAS and 

ODI were surveyed by one nurse specializing in neurosurgery; both 

score surveys were initially investigated 1 and 2 weeks after ABR and 

4 weeks after hospitalization. Patients who underwent VP were ad-

ditionally surveyed for comparison a day after the procedure. 

5. Statistical Analysis 
All analyses were performed using the IBM SPSS 22 program (SPSS 

Inc., Chicago, IL, USA), and differences were considered statistically 

significant at p-value less than 0.05. We used the Mann-Whitney 

nonparametric statistical test corresponding to the χ2 test to compare 

fracture levels, follow-up periods, VAS scores, ODI scores, CR and 

ΔCR, patient characteristics, and baseline features between the VP 

and non-VP groups. Simultaneously, the Wilcoxon signed-rank test 

medians and interquartile ranges were used to evaluate the effect of 

VP on the VAS score. Statistical correlations between CR, LA, and VAS 

and ODI scores were then evaluated post hoc using the Spearman 

rank correlation analysis for nonparametric data analysis. 

RESULTS 

1. Patient Characteristics and Baseline Features 
Overall, 54 patients (46 men and 8 women) were included in the 

Fig. 1. Imaging timeline of the study. MRI: magnetic resonance imaging; BMD: bone mineral density; VP: vertebroplasty.

2* anterior height of fractured body

(anterior heigh of upper body+anterior height of lower body)

Fig. 2. Compression rate (%) calculation. Compression rate is cal-
culated by subtracting the anterior body height of the fractured 
body (B) from the average anterior height of the upper (A) and 
lower (C) vertebral bodies and then dividing the difference by the 
average anterior height of the upper and lower vertebral bodies, 
which is converted into percentage. Lordotic angle (α°) was mea-
sured by the angle made by the upper and lower endplates of the 
fracture body.
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study. Their ages ranged from 56 to 97 years, with a mean age (± 

standard deviation) of 77.13 (±9.28) years. VCFs of traumatic origin 

was present in six cases, whereas VCFs of spontaneous origin were 

present in the remaining 48 cases. The average T-score measured 

for BMD in the spine among patients was −3.61±0.75. 

Among the 54 included patients, 30 were selected to undergo VP 

(VP group), and the remaining 24 continued to undergo conserva-

tive care (non-VP group). Fig. 3 shows no significant differences in 

the fracture level of VCF between the two groups (p=0.430). More-

over, there were no significant differences in the statistical analysis 

of the two groups in terms of fracture level, sex, BMD, or follow-up 

period; however, patients in the VP group tended to be significantly 

older than those in the non-VP group (p=0.040; Table 1). 

2. Radiological Outcomes During Each Follow-up 
The CR and LA of the patients on each period of hospitalization did 

not show statistically significant changes with time (Table 2, 3). 

On initial evaluation, the CR and LA of the VP group were mea-

sured to be 23.52%±16.49% and 10.81°±6.34°, respectively. In the 

non-VP group, the CR was 25.36%±16.88% and LA was 11.18°± 5.12°. 

No significant differences were found in the CR and LA between 

the two groups. 

At the follow-up after 1 week of ABR, the CR in the supine and 

standing positions was 24.56%±13.06% and 32.58%±12.79%, re-

spectively, in the VP group. The corresponding CR measurements 

in the non-VP group were 27.15%±15.66% and 29.62% ±14.77%, re-

spectively. The LA in the supine and standing positions were 11.13° 

±5.23° and 13.78°±5.74°, respectively, in the  

VP group and 11.40° ±6.23° and 12.29°±6.14°, respectively, in the 

non-VP group. Similar to the initial results, no significant differenc-

es were observed in the CR and LA between the two groups during 

the 1-week follow-up period. 

At the follow-up after 2 weeks of ABR, the CR in the supine and 

standing positions was 26.40%±14.55% and 37.22%±14.33%, re-

spectively, in the VP group and 30.61%±17.32% and 33.65%±17.17%, 

respectively, in the non-VP group. The LA in the supine and stand-

ing positions was 11.87°±5.76° and 13.08°±6.90°, respectively, in 

the VP group and 12.59°±11.87° and 13.39°±6.39°, respectively, in 

the non-VP group. Similar to the previous results, no significant 

differences were observed between the two groups regarding CR 

and LA during the 2-week follow-up period At the follow-up after 

4 weeks of ABR, the ΔCR values of the non-VP and VP groups were 

2.0%±6.12% and 8.2%±5.86%, respectively, showing statistical 

significance (p=0.010; Fig. 4, 5). At the 2-week follow-up, the ΔCR 

values of the non-VP and VP groups were 3.04%±4.58% and 9.98% 

±5.61%, respectively (p=0.010). 

The CR at each period showed a statistical correlation with the 

corresponding LA at the respective follow-up points (p<0.001). 

Fig. 3. Fracture levels in the vertebroplasty (VP) and non-VP groups 
(p=0.430).

Table 1. Patient characteristics in the VP and non-VP groups
Variables Non-VP VP p-value
Non-VP/VP 24 30
Sex (Male:Female) 5:19 3:27 0.443
Age (year) 74.38±10.40 79.33±7.77 0.040
BMD (T-score) −3.58±0.75 −3.64±0.77 0.644
Period of follow-up 
(months)

6.33±3.88 8.88±4.11 0.132

The data is presented as mean±standard deviation or number.
VP: vertebroplasty; BMD: bone mineral density.

Table 2. CR and change in CR on weight bearing in the VP and 
non-VP groups

Non-VP VP p-value
Initial CR (%) 25.36±16.88 23.52±16.49 0.728
1-week supine CR (%) 27.15±15.66 24.56±13.06 0.614
1-week standing CR (%) 29.62±14.77 32.58±12.79 0.465
1-week ΔCR (%) 2.47±6.12 8.02±5.86 0.010
2-week supine CR (%) 30.61±17.32 26.40±14.55 0.499
2-week standing CR (%) 33.65±17.17 37.22±14.33 0.459
2-week ΔCR (%) 3.04±4.58 9.98±5.61 0.001

The data is presented as mean±standard deviation.
VP: vertebroplasty; CR: compression rate.

Table 3. LA in the VP and non-VP groups
Non-VP VP p-value

Initial LA (°) 11.18±5.12 10.81±6.34 0.802
1-week supine LA (°) 11.40±6.23 11.13±5.23 0.978
1-week standing LA (°) 12.29±6.14 13.78±5.74 0.477
2-week supine LA (°) 12.59±11.87 11.87±5.76 0.607
2-week standing LA (°) 13.39±6.39 13.08±6.90 0.628

The data is presented as mean±standard deviation. VP: vertebroplasty; LA: 
lordotic angle.
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Fig. 4. Radiographic study of a patient in the non-vertebroplasty group. Initial compression rate=12%, first-week supine compression 
rate=14%, first-week standing compression rate=25%, first-week Δcompression rate=11%, second-week supine compression rate=21%, 
second-week standing compression rate=21%, second-week Δcompression rate=0%, and fourth-week compression rate=27%.

Fig. 5. Radiographic study of a patient in the vertebroplasty group patient. Initial compression rate= 38%, first-week supine compression 
rate=38%, first-week standing compression rate=47%, first-week Δcompression rate=9%, second-week supine compression rate=34%, 
second-week standing compression rate=56%, second-week Δcompression rate=22%, and fourth-week compression rate 34%.

3. Clinical Outcomes 
There were no statistically significant differences between the VP 

and non-VP groups at the initial evaluation and the 1-week fol-

low-up. On initial evaluation, the VAS and ODI scores in the VP 

group were 7.63±0.85 and 34.03±0.85, respectively, whereas those 

in the non-VP group were 7.66±0.81 and 33.91±2.20, respectively. 

At the 1-week follow-up, the VAS and ODI scores in the VP group 

were 5.06±0.63 and 33.46±1.99, respectively, and those in the non-
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VP group were 5.04±0.69 and 33.16±2.21, respectively. 

At the 2-week follow-up, the VAS and ODI scores in the VP group 

were 4.96±0.66 and 31.23±1.79, respectively, and those in the non-

VP group were 3.95±0.55 and 26.12±2.07 (p=0.000 and p=0.000), 

respectively. 

A day after VP, the VP group showed a statistically significant 

improvement in the mean VAS score from 4.96±0.66 to 2.2±0.76 

(p=0.000). 

At the 4-week follow-up, the VAS and ODI scores in the VP 

group were 1.8±0.61 and 7.43±2.14, respectively, whereas those 

in the non-VP group were 2.83±1.09 and 16.70±1.54 (p=0.000 and 

p=0.000), respectively. Both the groups showed gradual improve-

ment, with the VP group showing a significant turnover and faster 

recovery (Table 4, Fig. 6). 

4. Correlations between Radiological and Clinical Out-
comes 
Initial and 1-week follow-up evaluations of the VAS and ODI scores 

showed no correlation with radiological features. However, there 

was a statistically significant correlation between the VAS and ODI 

scores surveyed in the second week and the ΔCR values at the 1 and 

2 weeks. Specifically, the ΔCR value at 1 week of ABR was correlat-

ed with the VAS (p=0.008; R=0.168) and ODI (p=0.008; R=0.359) 

scores during the second week. Similarly, the ΔCR value at 2 weeks 

of ABR showed a correlation with the VAS (p=0.001; R=0.542) and 

ODI (p=0.000; R=0.572) scores at the second week. 

Moreover, the ΔCR value at 1 week of ABR showed a correlation 

with the ODI score at the fourth week with the reversed correlation 

coefficient (p=0.001; R= −0.431), and the ΔCR value at the second 

week showed a correlation with the VAS (p=0.009; R= −0.437) and 

ODI (p=0.029; R= −0.370) at the fourth week. 

DISCUSSION 

As the population ages worldwide, the prevalence of VCFs contin-

ues to increase22). However, with the rapid pain alleviation provided 

by chemical/thermal neurolytic effects and fractured vertebrae 

stabilization, VP has become readily available under local anes-

thesia, has been deemed relatively safe, and is widely considered a 

costeffective option2,7,8). Thus, with the increase in the prevalence 

and benefits of VCF, more patients have been receiving VP for VCF 

treat ment. 

With recent randomized trials showing conflicting results and 

with the advancing efficacy of conservative care, the benefits of the 

procedure have been reviewed extensively and repeatedly4,7,15–17,27). 

Although few randomized trials have failed to demonstrate the 

benefits of VP, several studies have reported that VP is a valid man-

agement option, as long as proper patient selection is assured10,12). 

Consequently, the current recommendations for VP treatment em-

phasize sufficiently robust patient selection. 

However, the criteria recommended by these guidelines are 

based on clinical and subjective parameters25). Korea’s national 

insurance recommends consideration for VP when conservative 

treatments fail to achieve sufficient pain relief after 2 weeks. Even 

in-depth reviews from researchers have suggested the criteria for 

accurate diagnosis, including a shorter pain duration, severe pain, 

and ununited fracture on MRI19,29). Among these, pain, as the main 

factor for making decisions to perform VP, depends on the patient’s 

subjective complaint. As such, quantifiable parameters have a 

niche over subjective surveys in making decisions to perform inva-

sive procedures. 

Fig. 6. Pain and functional outcomes in the vertebroplasty (VP) 
and non-VP groups. The VP group showed better outcomes after 
undergoing VP. VAS: visual analog scale; ODI: Oswestry Disability 
Index.

Table 4. Pain and functional outcomes based on the VAS and ODI scores between the VP and non-VP groups
VAS

p-value
ODI

p-value
Non-VP VP Non-VP VP

Initial 7.64±0.82 7.63±0.85 0.904 33.91±2.20 34.03±0.85 0.792
1 week 5.04±0.69 5.06±0.63* 0.899 33.16±2.21 33.46±1.99* 0.598
2 weeks 3.95±0.55* 4.96±0.66* 0.000 26.12±2.07* 31.23±1.79* 0.000
4 weeks 2.83±1.09* 1.8±0.61* 0.000 16.70±1.54* 7.43±2.14* 0.000

The data is presented as mean±standard deviation.
VAS: visual analogue scale; ODI: Oswestry Disability Index; VP: vertebroplasty.
*Significant difference compared to the initial VAS and ODI scores at each follow-up period.
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Therefore, our analysis hypothesized that the characteristics of 

patients who may benefit from VP reflect not only pain and func-

tional indices but also radiological features of the affected area. 

After 2 weeks of conservative care, we treated eligible patients 

with acute VCF with VP based on pain and functional indices. We 

then compared the outcome of the VP group to that of the non-

VP group (conservative care only), and post hoc analysis was 

performed on radiographic data collected from the beginning and 

throughout the period of hospitalization. Although patients with 

worse pain and functional progress were selected for VP, the symp-

toms of patients in the VP group showed rapid relief and presented 

even better outcomes during the 4-week follow-up than those in 

the non-VP group. 

Consistent with the analysis results of a previous study14), our 

results demonstrated that the calculated CR showed a relationship 

with the corresponding measured LA. Although a study has shown 

a relationship between back pain and hyperkyphosis severity23), LA 

and CR did not show a statistical correlation with the pain and dis-

ability indices. According to our results, kyphosis as a radiological 

feature did not represent a patient’s acute symptom. Furthermore, 

in VCFs, aside from kyphosis, the motion of fractured particles 

in the vertebra may indicate the patient’s status. The ΔCR, which 

is the measure of vertebral compression on weight-bearing, at 1 

and 2 weeks after ABR showed statistically significant correlations 

with the VAS and ODI scores in the second week. This indicated 

that the fractured vertebra had not been healed to withstand the 

body weight applied, and macroscopic motion of these fractured 

segments was observed using dynamic radiography1,29). Further-

more, the VP group being refractory to conservative care could be 

attributed to these macroscopic and microscopic motions in the 

fractured vertebra, resulting in larger ΔCR values18). Therefore, ce-

ment augmentation in these patients should be beneficial. 

In the VP group, the analysis of ΔCR values at 1 and 2 weeks af-

ter ABR showed a correlation with patient outcomes at the fourth 

week using a reversed correlation coefficient. This relationship was 

considered to be due to the selection of favorable outcomes of VP. 

Comparing the radiological features of the two groups, ΔCR of the 

VP group at the 1- (8.02±5.86%) and 2-week periods (9.98±5.61%) 

showed a statistically significant increase. The VAS score also 

showed a correlation with ΔCR at the corresponding periods; how-

ever, the differences between the two groups were close to 1 point 

(VP group, 4.967±0.66; non-VP group, 3.95±0.55). Relying on one 

point of a subjective survey for making a decision in invasive surgery 

is incomplete in many aspects; thus, considering quantitative values 

can strengthen the decision-making process. 

Moreover, though patients were categorized into VP and non-

VP groups based on the VAS and ODI scores of the 2nd week, no 

statistical differences of the VAS and ODI scores were shown in 

data during the initial and even the 1st week of conservative care. In 

contrast, by retrospective analysis, the ΔCR value of the future VP 

group showed differences in the 1st week. Since patient selection 

was made by 2nd week’s VAS and ODI scores, and that these param-

eters surveyed on 1st week did not predict the 2nd week’s selection, 

1st week’s ΔCR showing statistical differences gives ΔCR the poten-

tial to be useful as a predictive value in future patient management 

and selection for VP. 

Though we found a statistical difference in the ΔCR value with 

patients who showed worse clinical outcomes after 2 weeks of 

conservative care, and these patients gained benefits from VP, our 

study is limited by its retrospective design. We believe a prospective 

cohort study with the ΔCR value as a patient selection tool could 

elucidate the matter. In addition, the study had a relatively small 

sample size and did not involve a sham procedure to eliminate a 

placebo. Moreover, although hospitalization care and evaluation 

for patient outcome were continued for at least 4 weeks, measure-

ment and analysis of CR and ΔCR were only performed for the 

1-week and 2-week radiograph images. Although the results were 

considered to be relatively reliable, as all patients received care un-

der the same and controlled environment with ABR as a principal 

to eliminate bias, a study with a larger cohort is needed to confirm 

these results. Furthermore, the varying bone quality of the patients 

was quantified using BMD only. Further evaluation (such as per-

forming quantitative computed tomography) would help reduce 

this bias. 

CONCLUSION 

The decision to perform VP in patients with VCF is challenging. 

With conflicting results and indistinctive evidence, patient selec-

tion is considered key to VCF management. Although the current 

clinical guidelines are generally inconsistent, both clinical param-

eters and radiological features are helpful tools for determining the 

need for invasive intervention. Thus, radiological features provided 

by weight-bearing radiographs could benefit patient selection and 

ensure more favorable outcomes, especially for those with difficul-

ties in responding to the survey. 
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INTRODUCTION 

There are many previous and ongoing studies regarding patholo-

gies, risk factors, treatment options, and prognoses of spontaneous 

subarachnoid hemorrhage (SAH) from ruptured aneurysm due 

Objective: Ruptured anterior cerebral artery (ACA) trunk aneurysms and middle cerebral artery 
(MCA) trunk aneurysms are rare, and little is known about them. This study was conducted to 
determine the difference between these and other types of aneurysms. 
Methods: We performed a retrospective review of patients diagnosed with subarachnoid 
hemorrhage over an 8-year period at a single institution. We analyzed the characteristics, 
clinical factors, and radiological components of aneurysms at the trunk portion of A-1 and 
M-1. Descriptive analysis and univariate analysis for factors were performed to determine the 
differences of ACA A-1 portion trunk and MCA M-1 portion trunk aneurysms from other ACA 
and MCA aneurysms, respectively. 
Results: Univariate logistic regression modeling showed that trunk aneurysms in MCA M-1 
had a smaller dome size (p=0.026) and dome/neck ratio (p=0.048) than other MCA aneurysms. 
Likewise, through univariate logistic regression modeling, the ACA group showed differences 
in dome size including age (p=0.001) as well as dome size (p=0.038) and dome neck ratio 
(p=0.041) in the A1 region. 
Conclusion: MCA M-1 and ACA A-1 trunk aneurysms are likely to have several different char-
acteristics such as small in size and a lower dome/neck ratio. Also, due to their close locations 
to the perforator arteries, there is a high possibility of perforator artery injury when treating 
these aneurysms. Thus, careful attention is required when setting the treatment methods, and 
further studies about these aneurysms are needed. 

Keywords: Anterior cerebral artery; Intracranial aneurysm; Middle cerebral artery; Subarach-
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to its severe neurologic deficits and high mortality despite treat-

ment15). Further, frequent sites of ruptured aneurysms are middle 

cerebral artery (MCA) bifurcation (MCAB), anterior communicat-

ing artery (AComA), and posterior communicating artery (PCo-

mA)16,17). The distribution of cerebral aneurysms among those sites 
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is based on pathophysiology and hemodynamics factors including 

flow impingements, pressure, and wall shear stress2,19). 

Rarely are ruptured aneurysms observed at the anterior cerebral 

artery (ACA) and the MCA trunk. Investigation of pathophysiolog-

ic-hemodynamic factors and anatomy of the cerebral artery suggest 

that these rare aneurysms originate from the bifurcation of perfora-

tor arteries. Because these aneurysms are so rare, there are very few 

related studies. What is known is that ACA A-1 portion and MCA 

M-1 portion aneurysms are rare (4%), small in size, and associated 

with other variant anatomies such as ACA aplasia1,6,10,11,13,14,18,20). 

The study aimed to explore several representative cases of trunk 

aneurysms and determine the differences between ruptured trunk 

aneurysms and other aneurysms as well as to define other charac-

teristics of these aneurysms. We also show two cases of these rare 

ruptured aneurysms to provide additional information. 

MATERIALS AND METHODS 

1. Study Design and Population 
In this study, we retrospectively reviewed 329 patients diagnosed 

with spontaneous SAH from January 2012, to March 2020, at our 

institute. 

First of all, to understand the basic information of ruptured an-

eurysmal SAH, various demographics and characteristics of all 321 

patients excluding 6 patients who failed to perform transfemoral 

cerebral angiography (TFCA) for various reasons and 2 patients 

who were angio-negative were reviewed. 

Secondly, to evaluate the comparison of ACA A-1 portion aneu-

rysms and other ACA aneurysms and MCA M-1 portion aneurysms 

and other MCA aneurysms respectively, we also excluded 80 pa-

tients with ruptured SAH at internal carotid artery (ICA), 29 with 

posterior circulation aneurysms, and 1 with the recurrent artery 

of Heubner. After all, 93 patients with ruptured aneurysms at the 

MCA and 121 with ruptured aneurysms at the ACA were included. 

Exclusion of patients was carried out as shown in Fig. 1. 

We retrospectively reviewed the electronic medical records 

(EMR) and radiologic findings for medical history; laboratory 

findings; neurologic grade; and the distribution, shape, and size of 

past aneurysms. Blood analysis findings and TFCA records of the 

patients at admission were reviewed. 

2. Assessment of Trunk Aneurysm 
We defined ‘trunk aneurysms’ as aneurysms originating from MCA 

M-1 portion or ACA A-1 portion trunk. Specifically, ACA A-1 trunk 

aneurysms were defined as those located between ICA bifurcation 

(ICAB) and AComA, while MCA trunk aneurysms were defined as 

those located between ICAB and MCAB. Aneurysms originating 

from the anterior temporal artery, which is frequently located on 

the MCA M-1 trunk, were excluded. The distribution, shape, and 

size of each aneurysm were identified manually on EMR and radio-

logic-results. 

3. Statistical Analysis 
The influencing factors included age, sex, medical history (hyper-

tension, diabetes mellitus, and ischemic heart disease), laboratory 

findings (high-density lipoprotein, low-density lipoprotein, total 

cholesterol, hemoglobin A1c), blood pressure, locations, modified 

Fisher grade, World Federation of Neurological Surgeons (WFNS) 

score, and size of aneurysm. The student’s t-test was used to evalu-

ate differences in normally distributed continuous variables. 

Descriptive analysis for the probable factors in SAH patients was 

performed (Table 1). 

Univariate analysis of probable factors in MCA and ACA groups 

was carried out for comparison of trunk aneurysms (Table 2, 3). 

The χ2 test was utilized to evaluate differences in categorical 

variables. The Mann-Whitney U-test was applied when comparing 

continuous variable between two groups without normal distribu-

tion and when the number of at least one group was less than 10 

patients. The Kruskal Wallis test was used to evaluate comparisons 

in categorical factors among more than two groups. All numerical 

values were calculated using R software version 4.1.0 (The R Foun-

dation for Statistical Computing, Vienna, Austria). 

RESULTS 

1. Patient Demographics and Characteristics of All Rup-
tured Aneurysms 
Demographics and characteristics of all patients with a ruptured 

aneurysm are shown in Table 1. The mean age was 58.5 years, 

and 198 (61.7%) of the total 321 patients were female. In total, 132 

patients (41.1%) with ruptured aneurysms had hypertension in 

their past medical history. All lab findings including lipid profile 

and hbA1c were within the normal range. As to location, 122 pa-

Fig. 1. Exclusion criteria. SAH: subarachnoid hemorrhage; TFCA: 
transfemoral cerebral angiography.
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tients (38.0%) had ruptured aneurysms located at ACA, 90 patients 

(28.0%) at MCA, and the others located in the ICA. Modified Fisher 

grade radiological findings were evaluated: 171 patients (53.3%) 

showed grade III, and 96 patients (29.9%) had grade IV. The average 

dome size of the aneurysms was 5.24 mm, and the neck size was 

3.42 mm. According to Glasgow Coma Scores and demographics at 

admission, 142 patients (44.2%) showed WFNS of grade 1. 

2. Comparison Between MCA M-1 Trunk Aneurysm and 
MCA Groups 
Patient characteristics of age, sex, past medical history, and lab find-

ings showed no definite differences between patients in the MCA 

M-1 trunk aneurysm group and those in the other MCA aneurysm 

group. Modified Fisher grade and WFNS grade also did not show 

differences between the two groups. However, MCA M-1 trunk 

aneurysms had an average dome size of 2.39mm and a neck size of 

2.61mm, while other MCA aneurysms had an average dome size of 

5.79mm and neck size of 3.69mm. In general, MCA M-1 trunk an-

eurysms were smaller in size than other MCA aneurysms (p=0.026). 

Also, the dome/ neck ratio of MCA trunk aneurysms was lower than 

that of the other MCA aneurysms group (p=0.048) (Table 2). 

3. Comparison Between ACA A-1 Trunk Aneurysm and 
ACA Groups 
Patients with ruptured ACA A-1 trunk aneurysm were younger 

(p=0.001), with an average age of 40.78 years, than those in the ACA 

group, with an average age of 56.71 years. Other characteristics 

such as sex, past medical history, and lab findings were not signifi-

cantly different between the two groups. The size of the ruptured 

aneurysm was smaller in the ACA A-1 trunk aneurysm group at an 

average of 2.26mm compared with the ACA group at an average of 

4.95mm(p=0.038). Like the MCA groups, the average dome/neck 

ratio of ACA A-1 trunk aneurysms was lower than that in the other 

ACA group (p=0.041) (Table 3).  

4. More About Trunk Aneurysms  
Observations of morphologic characteristics (Table 4) revealed 3 

aneurysms with fusiform shape and 10 with saccular shape. The 

superior-posterior direction of the aneurysm dome was the most 

common. Associated abnormalities such as multiple aneurysms 

and azygous ACA were not frequent; only 1 patient had multiple 

aneurysms. 

Perforator arteries originating from ACA A-1 and MCA M-1 

trunks have a high risk for injury after surgical or interventional 

treatment of ruptured aneurysm. In our study, 4 patients had per-

forator infarct. Perforator artery injuries occurred regardless of 

surgical clipping or interventional coil embolization. Representa-

tive cases of patients who experienced perforator infarct just after 

treatment are presented below as case descriptions. 

5. Case Descriptions 
Case 1 

A 45-year-old woman was admitted to our hospital due to a se-

vere headache. Imaging studies showed SAH from a ruptured left 

MCA M-1 trunk aneurysm(Fig. 2–4). Surgical management with 

aneurysmal clipping was planned. After the operation, the patient 

suffered right-side weakness. Brain diffusion-weighted magnetic 

resonance imaging (DW-MRI) showed acute infarction on the 

left basal ganglia (Fig. 5), the territory where the MCA perforators 

supply blood flow, which was probably caused by interruption of 

MCA perforator arteries. 

Table 1. Characteristics in SAH patients
Variables SAH patients (n=321)
Age (years) 58.53±13.99
Sex (female) 198 (61.7%)
Medical history
 Hypertension 132 (41.1%)
 Diabetes mellitus 21 (6.5%)
 Ischemic heart disease 17 (5.3%)
Laboratory findings
 HDL (mg/dL) 54.80±14.39
 LDL (mg/dL) 100.18±33.44
 Total cholesterol (mg/dL) 165.89±64.469
 HbA1c (%) 5.66±0.53
Systolic BP at ER (mmHg) 160.60±33.94
Diastolic BP at ER (mmHg) 88.78±17.42
Location
 ACA 122 (38.0%)
 MCA 90 (28.0%)
 ICA 80 (24.9%)
 Posterior circulation 29 (9.0%)
Modified Fisher grade
 I 2 (0.6%)
 II 52 (16.2%)
 III 171 (53.3%)
 IV 96 (29.9%)
WFNS grade
 I 142 (44.2%)
 II 42 (13.1%)
 III 18 (5.6%)
 IV 63 (19.6%)
 V 56 (17.4%)
Aneurysm shape( mm)
 Dome 5.24±3.03
 Neck 3.42±1.70
 Dome/Neck 1.66±0.93

SAH: subarachnoid hemorrhage; HDL: high-density lipoprotein; LDL: 
low-density lipoprotein; HbA1c: glycated hemoglobin; BP: blood pressure; 
ER: emergency room; ACA: anterior cerebral artery; MCA: middle cerebral 
artery; ICA: internal carotid artery; WFNS: World Federation of Neurosurgi-
cal Societies.
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Case 2 

A 39-year-old woman was admitted to our hospital due to a thun-

derclap headache. Imaging studies showed SAH from a ruptured 

right ACA A-1 trunk aneurysm (Fig. 6–8). Interventional manage-

ment with aneurysmal coil embolization was planned. After the 

intervention, the patient showed left side weakness. Brain DW-

MRI showed acute infarction on the right basal ganglia (Fig. 9), the 

region where the ACA perforators supply blood flow, which was 

probably caused by interruption of ACA perforator arteries. 

DISCUSSION 

1. Patient Demographics and Characteristics of Trunk 
Aneurysms 
Ruptured trunk aneurysms are rare. Ruptured and un-ruptured 

ACA A-1 aneurysms account for approximately 4% of all aneu-

rysms9,18,20), and ruptured and un-ruptured MCA M-1 aneurysms 

account for approximately 3% of all aneurysms10,11). In this study, 

we focused on patients with ruptured aneurysms. In total, 9 pa-

tients (2.7% of all ruptured aneurysms) had ruptured ACA A-1 

trunk aneurysms, and 4 patients (1.2% of all ruptured aneurysms) 

had ruptured MCA M-1 trunk aneurysms. Thus, it is acceptable 

that trunk aneurysms with ruptured are rare as all trunk aneurysms 

including ruptured or un-ruptured. 

Some studies suggest that trunk aneurysms tend to occur in 

those who are younger5,6,14,18); our results were similar. The average 

age of ACA A-1 trunk aneurysm patients is 42.9 years old, which is 

younger than patients with other ACA aneurysms. 

In our study, ruptured trunk aneurysms were smaller than other 

ruptured aneurysms. ACA trunk aneurysms had an average dome 

of 2.48mm with a neck of 2.72mm, and MCA trunk aneurysms 

had an average dome of 2.98mm and a neck of 2.88mm. The trunk 

aneurysms’ dome/neck ratios were generally lower than those of 

other aneurysms, which was similar to the previous studies4,5,9,11,18).  

In our case studies, ACA A-1 trunk aneurysms tended to be di-

rected superior and posterior, while MCA M-1 trunk aneurysms 

did not show direction tendency. Also, ACA A-1 trunk aneurysms 

tend to be located at the proximal or distal portion of ACA A-1, we 

Table 2. Univariate analysis of probable factors in the MCA group and M1 group
Variables MCA group (n=89) M1 group (n=4) p-value
Age (years) 59.56±14.19 59.00±13.09 0.881
Sex (female) 58 (65.2%) 4 (100%) 0.211
Medical history
 Hypertension 32 (36.0%) (50.0%) 0.466
 Diabetes mellitus 1 (1.1%) 0 0.957
 Ischemic heart disease 3 (3.4%) 0 0.875
Laboratory findings
 HDL (mg/dL) 53.46±14.02 64.00±5.90 0.143
 LDL (mg/dL) 103.48±36.58 99.50±23.95 0.830
 Total cholesterol (mg/dL) 166.19±38.08 171.75±22.93 0.773
 HbA1c (%) 5.63±0.44 5.80±0.32 0.442
Systolic BP at ER (mmHg) 162.08±34.96 168.50±36.06 0.720
Diastolic BP at ER (mmHg) 89.28±17.99 95.25±12.69 0.514
Modified Fisher grade 0.780
 I 1 (1.1%) 0
 II 15 (16.9%) 1 (25.0%)
 III 47 (52.8%) 2 (50.0%)
 IV 26 (59.2%) 1 (25.0%)
WFNS grade 0.393
 I 36 (40.4%) 2 (50.0%)
 II 9 (10.1%) 1 (25.0%)
 III 6 (6.7%) 0
 IV 21 (23.6%) 1 (25.0%)
 V 17 (19.1%) 0
Aneurysm shape (mm)
 Dome 5.79±0.81 2.39±0.32 0.026
 Neck 3.69±0.51 2.61±0.25 0.256
 Dome/Neck 1.83±0.54 1.01±0.21 0.048

MCA: middle cerebral artery; HDL: high-density lipoprotein; LDL: low-density lipoprotein; HbA1c: glycated hemoglobin; BP: blood pressure; ER: emergency 
room; WFNS: World Federation of Neurosurgical Societies.
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Table 3. Univariate analysis of probable factors in the ACA group and A1 group
Variables ACA group (n=112) A1 group (n=9) p-value
Age (years) 56.71±13.19 40.78±15.96 0.001
Sex (female) 49 (43.8%) 6 (66.7%) 0.164
Medical history
 Hypertension 48 (42.9%) 3 (33.3%) 0.425
 Diabetes mellitus 8 (7.1%) 0 0.528
 Ischemic heart disease 7 (6.3%) 0 0.574
Laboratory findings
 HDL (mg/dL) 54.63±14.23 54.22±10.85 0.933
 LDL (mg/dL) 102.71±31.21 90.78±39.89 0.233
 Total cholesterol (mg/dL) 175.76±96.26 156.22±38.90 0.748
 HbA1c (%) 5.72±0.59 5.33±0.56 0.051
Systolic BP at ER (mmHg) 162.94±30.83 148.89±59.32 0.211
Diastolic BP at ER (mmHg) 90.87±16.41 87.67±16.01 0.554
Modified Fisher grade 0.856
 I 0 0
 II 17 (15.2%) 1 (11.1%)
 III 65 (58.0%) 6 (66.7%)
 IV 30 (26.8%) 2 (22.2%)
WFNS grade 0.121
 I 50 (44.6%) 4 (44.4%)
 II 14 (12.5%) 1 (11.1%)
 III 11 (9.8%) 0
 IV 15 (13.4%) 4 (44.4%)
 V 22 (19.6%) 0
Aneurysm shape (mm)
 Dome 4.95±0.98 2.26±0.58 0.038
 Neck 3.17±0.86 2.26±0.66 0.119
 Dome/Neck 1.61±0.65 0.90±0.19 0.041

ACA: anterior cerebral artery; HDL: high-density lipoprotein; LDL: low-density lipoprotein; HbA1c: glycated hemoglobin; BP: blood pressure; ER: emergency 
room; WFNS: World Federation of Neurosurgical Societies.

Table 4. Overview of characteristics of patients with trunk aneurysm

Case no. Sex Age Comorbidity Location Shape Direction Dome Neck m-FS* GCS† Management mRS‡ Perforator 
infarction§

25 F 42 ACA(A1), L Fusiform Superior 0.87 1.81 3 15 Clip 0 0
65 F 71 HTN ACA(A1), L Fusiform Superior 2.57 4.88 3 3 SACE 6 0
68 F 76 HTN MCA(M1), R Saccular Inferior 2.76 3.22 4 3 Coil 6 0
79 F 40 HTN ACA(A1), L Fusiform Posterior 0.98 2.76 4 13 SACE 3 1
100 F 45 MCA(M1), L Saccular Inferior 3.09 2.39 3 15 Clip 1 1
106 F 32 ACA(A1), L Saccular Posterior 2.28 1.72 3 15 Clip 3 1
111 M 58 ACA(A1), L Lobulated Superior 3.21 3.08 3 14 Clip 1 0
183 F 22 ACA (A1), L Saccular Superior 2.57 3.34 3 15 Coil 1 0
198 F 54 MCA(M1), L Saccular Posterior 2.7 3 3 15 Coil 0 0
221 F 61 HTN MCA(M1), R Saccular Superior 3.39 2.92 2 15 Clip 2 0
264 F 39 ACA (A1), R Saccular Posterior 3.08 3.06 4 15 Coil|| 2 1
280 M 42 HTN ACA (A1), R Saccular Medial 3.22 2.5 2 15 Clip 1 0
283 M 21 ACA (A1), R Saccular Posterior 2.44 1.81 3 15 Clip 1 0

F: female; M: male; HTN: hypertension; ACA: anterior cerebral artery; L: left; MCA: middle cerebral artery; R: right; m-FS: modified Fisher scale; GCS: 
Glasgow Coma Scale; mRS: modified Rankin Scale; SACE: stent-assisted coil embolization.
*Accounts for thick cistern and hemorrhage to predict symptomatic vasospasm. †The state of consciousness at the time of admission. ‡A commonly used 
scale for measuring the degree of disability in the daily activities of people. §Presence or absence of perforator infarction indicated in the column. ||Coil 
embolization without stent assist.
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Fig. 2. Initial brain computed tomography results showing a dif-
fuse subarachnoid hemorrhage.

Fig. 4. The 3-dimensional reconstruction view showing a ruptured 
aneurysm in more detail (arrow: middle cerebral artery M-1 segment).

Fig. 5. Brain diffusion-weighted magnetic resonance imaging after 
surgical clipping (arrow: left basal ganglia acute infarction is shown).

Fig. 7. Transfemoral cerebral angiography showing a right anterior 
cerebral artery trunk aneurysm.

Fig. 6. Initial brain computed tomography scan showing a large 
amount of subarachnoid hemorrhage and intracerebral hemor-
rhage in the right frontal lobe base.

Fig. 3. Transfemoral cerebral angiography showing left middle ce-
rebral artery M-1 trunk aneurysm.
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assumed that those curves or branch points of ICAB to ACA A-1 

portion and ACA A-1 portion to AComA are under greater hemody-

namic stress. 

There are several differences between trunk and other aneu-

rysms. For example, aneurysmal size, dome/neck ratio, formation 

type, and patient demographics (such as age) all differ between 

the trunk and other aneurysms. These differences might arise from 

interfering factors or the pathophysiology of trunk aneurysms com-

pared with other aneurysms. 

2. Intracranial Hemorrhagic Formation from Trunk An-
eurysms 
There are many cases where SAH accompanies intracerebral hem-

orrhage (ICH) and intraventricular hemorrhage (IVH)8,12); thus, 

many physicians define Fisher grade for those who suffer from SAH 

based on the presence of ICH and IVH. Fisher grade difference be-

tween trunk aneurysms and other aneurysms was not significant, 

perhaps due to the small number of cases. However, of the 13 pa-

tients with trunk aneurysm rupture, only 1 had ICH and 2 had IVH. 

We assume this was because the size of ruptured trunk aneurysms 

generally is smaller than that of other aneurysms. Smaller aneu-

rysmal rupture has lower tendency for massive hematoma volume 

and accompanying ICH or IVH21). 

3. Other Associated Abnormalities of Trunk Aneurysms 
Previous studies about trunk aneurysms suggest that the main 

characteristics of trunk aneurysms are association with abnor-

mality; for example, multiple aneurysms, AComA fenestration, or 

ACA A-1 aplasia1,6,10,11,13,14,18,20). However, in this study, only 1 case 

with multiple aneurysms was observed, and no other abnormal-

ities were seen. There may be several reasons for the results to be 

different from previous studies, such as the small number of cases. 

However, considering that the number of cases in previous studies 

was also not many, it seems that further research on this should be 

continued. 

4. Perforator Artery Infarctions 
Of the 13 patients with ruptured trunk aneurysms, 4 had worsened 

neurologic deterioration just after surgical clipping or intervention-

al coil embolization. Perforator arteries originating from ACA A-1 

or MCA M-1 trunk aneurysms are frequent3,7,22) due to specific an-

atomical features, increasing the possibility of perforator artery in-

jury compared to other aneurysms when surgical or interventional 

management is needed. 

Recently, diagnostic tools such as computed tomography (CT) 

angiography and TFCA for ruptured aneurysms have been devel-

oped. These tools show accurate vascular anatomies, especially 

geometries of aneurysms and neighboring arterial branches in the 

aneurysmal neck or base. However, in many cases, small perforator 

arteries are not explored adequately. For example, CT angiography 

and TFCA did not show clear perforator arteries around the an-

eurysm even when such an artery was present during the attempt 

to clip the ruptured aneurysm. Also, unexpected perforator artery 

occlusion has been shown after coil embolization of a ruptured 

aneurysm. Therefore, it is wise to analyze ruptured aneurysms in 

detail using correct diagnostic tools to determine whether surgical 

or interventional management is better for the patients. The possi-

bility of perforator artery injury must always be considered. 

Fig. 8. The 3-dimensional reconstruction view showing a ruptured 
aneurysm in more detail (arrow: anterior cerebral artery A-1 seg-
ment).

Fig. 9. Brain diffusion-weighted magnetic resonance imaging after 
interventional coil embolization (arrow: right basal ganglia acute 
infarction).
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The present study has several limitations. First, it is a retrospec-

tive study design instead of a randomized controlled study, which 

could have allowed bias in patient selection and demographic data. 

Second, as we had a small number of cases all based on a single-in-

stitution experience, statistical analyses and results did not allow 

firm conclusions. Further studies with sufficient sample sizes are 

needed to adequately evaluate such trunk aneurysms.  

CONCLUSION 

Trunk aneurysms are rare and have different characteristics from 

other, ordinary aneurysms including smaller size, lower dome/ neck 

ratio, and younger age of patients. In addition, since these aneu-

rysms are rare, more research is needed to make decisions regarding 

treatment. Moreover, since perforator artery injuries are highly likely 

due to the location of these aneurysms, smarter treatment methods 

should be selected based on more accurate examinations. 
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INTRODUCTION 

Anterior cervical discectomy and fusion (ACDF) with plate fixation 

has been recommended for degenerative cervical disease of two 

Objective: We aimed to examine the long-term radiological and clinical outcomes after 
stand-alone anterior cervical discectomy and fusion (ACDF). 
Methods: In total, we enrolled 20 patients and 31 treated segments with degenerative cervi-
cal disease that underwent stand-alone ACDF with ≥60months of follow-up. Segmental angle 
(SA), cervical sagittal alignment (CSA), subsidence, and fusion were evaluated. A visual ana-
logue scale (VAS) and the neck disability index (NDI) were applied pre- and post-operatively 
and at the last follow-up. 
Results: Subsidence occurred in 9 (45%) patients and 15 segments (48.4%) at the last fol-
low-up. The mean VAS and NDI scores had improved in both groups with and without subsid-
ence. The mean SA at the last follow-up had significantly increased to 2.3°±8.5° in the subsid-
ence group and to 1.7°±5.2° degree in the non-subsidence group compared to the post-oper-
ative SA (p<0.001). The overall mean CSA at the last follow-up significantly increased over-
time in both groups from the postoperative CSA (p=0.003). The fusion rate was 86.7% in the 
subsidence group and 81.3% in non-subsidence group. However, the difference in SA, CSA and 
fusion rates between the two groups were not statistically significant (p=0.119, 0.98, and 
0.682, respectively). 
Conclusion: As a result of a long-term follow-up study after stand-alone ACDF, subsidence 
occurs to some extent. Still, it does not appear to significantly impact radiological and clinical 
outcomes if the clinician performs sufficient decompression of foramen during surgery. Sub-
sidence seems to have a positive influence on the fusion rate. 

Keywords: Cervical vertebrae; Diskectomy; Follow-up studies; Spinal fusion  
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or more levels, with instability and kyphosis15,25). However, adding 

a cervical plate is associated with plate-related complications such 

as material failure, dysphagia, and adjacent segment degeneration 

(ASD)13,17). For these reasons, recent studies suggest that stand-
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alone ACDF without plate fixation is a safe and effective treatment 

option for cervical degenerative disease16,18). These reports, how-

ever, had a follow-up period of two years or fewer. Additionally, 

the most important issue of stand-alone ACDF is cage subsidence, 

which can cause kyphotic segmental change or kyphotic recur-

rence. As per some studies, cage subsidence is reported to have 

occurred in 19.1% to 62.5% of the patients who underwent stand-

alone ACDF1,2,5,22,23). Some studies reported that stand-alone ACDF 

is not satisfactory with worse radiologic outcomes than ACDF with 

plate fixation10,11). Nevertheless, cage subsidence and segmental 

kyphotic change were not significantly associated with clinical out-

comes in a short follow-up period7,8). 

The objective of this study was to evaluate the feasibility of stand-

alone ACDF using polyether ether ketone (PEEK) cages without 

plate fixation by analyzing the long-term clinical and radiological 

outcomes. 

MATERIALS AND METHODS 

1. Patient Population and Study Design 
We conducted a retrospective review of 304 patients with degen-

erative cervical disease who underwent ACDF with or without 

plate fixation between 2005 and October 2015 at our institution. 

The inclusion criteria were as follows: (1) patients with signs and 

symptoms of cervical radiculopathy or cervical spondylotic my-

elopathy who were unresponsive to medical treatment, (2) patients 

treated with one-, two-, or multiple level stand-alone ACDF, and 

(3) clinical and radiologic follow-up of ≥60 months after surgery. 

The exclusion criteria were as follows: (1) patients who underwent 

previous cervical spine surgery, (2) patients with other cervical dis-

ease including infection or tumor, and (3) patients with <60 months 

clinical or radiological follow-up after surgery. 

In total, we enrolled 20 study patients with degenerative cervical 

disease who underwent stand-alone ACDF with ≥60 months fol-

low-up. To identify the patients’ clinical characteristics, clinical data 

at the time of treatment, including age, sex, presenting symptoms, 

bone mineral density, level of surgery, plain radiographs, comput-

ed tomography (CT) scans, and magnetic resonance imaging scans 

of the cervical spine were collected. 

2. Surgical Technique 
General anesthesia was used in all patients. Standard Smith-Rob-

inson method was performed to expose the involved segment. The 

proper PEEK cage was selected (Solis® cage, Stryker Spine, Allen-

dale, NJ, USA; Cornerstone cage, Medtronic, Memphis, TN, USA). 

The cages were packed with a demineralized bone matrix (Sure-

FuseTM; Hansbiomed Corp., Seoul, Korea), mixed with autologous 

bone chips, and inserted into the disc space. The operation was 

completed without anterior plating. 

3. Radiological and Clinical Evaluation 
CT was performed at 6 months after surgery and once a year there-

after to evaluate fusion. Fusion was defined as less than 2-mm 

motion between the spinous processes on flexion-extension lateral 

radiographs, less than 50% of radiolucency covering the implant’s 

outer surface, and the presence of continuous bridging trabeculae 

at the graft on simple lateral radiographs or CT scans21). The cervi-

cal sagittal alignment (CSA), segmental angle (SA), and subsidence 

were measured using lateral plain radiographs. The overall CSA 

was measured according to the Cobb’s angle (CA) between the 

lower endplate of C2 and the lower endplate of C7. SA was also 

measured using the CA, the angle between the superior endplate of 

the upper adjacent vertebra, and the inferior endplate of the lower 

adjacent vertebra at the operated disc level. Kyphosis was noted as 

a positive value, while lordosis was noted as a negative value. Sub-

sidence was defined as a decrease in the total intervertebral height 

(TIH) between the two adjacent vertebral bodies on comparing 

post-operative lateral plain radiographs. The TIH was measured at 

three points: anterior, middle, and posterior points of the superior 

endplate of the upper adjacent vertebra and the inferior endplate of 

the lower adjacent vertebra at the operated disc level (Fig. 1). Based 

on serial TIH analysis, subsidence was defined if the TIH decreased 

Fig. 1. Cervical sagittal alignment (CSA), segmental angle (SA), 
anterior intervertebral height (AIH), middle intervertebral height 
(MIH), and posterior intervertebral height (PIH) on lateral radio-
graphs of cervical spine.
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more than 3.0mm at any three points than the TIH taken post-op-

eratively5,6,10).  

To evaluate pain in the neck and arms, a visual analogue scale 

(VAS) was applied pre- and post-operatively. Additionally, the neck 

disability index (NDI) questionnaire was administered pre- and 

postoperatively and at the last follow-up. 

4. Statistical Analysis 
The data of this study were entered into SPSS version 25.0 (SPSS 

Inc., Chicago, IL USA), and χ2 test was used to compare the quali-

tative data between the groups. The one-way ANOVA test was used 

for quantitative data. Paired samples t-test was used to evaluate 

the results before and after surgery. The independent t-test and 

Mann-Whitney U test for parametric or nonparametric variables 

were used for analyzing relationships between clinical and radio-

logic results and subsidence. Quantitative data were presented as 

the mean and standard deviation and qualitative data were pre-

sented as frequency or percentage. A p-value of less than 0.05 was 

considered as a significant relationship. 

RESULTS 

1. Patient Characteristics 
A total of 20 patients with a total of 31 treated segments were in-

cluded in this study. The mean age of the patients at the time of 

stand-alone ACDF was 59 years (range, 30–74 years). There were 

16 (80%) male patients and 4 (20%) female patients. The number of 

stand-alone ACDF procedures at one-, two-, and three-segments 

was reported in 10 (50%), 9 (45%), and 1 (5%) patient, respectively. 

Stand-alone ACDF was commonly performed at the C5–6 level (14 

segments, 45.2%), followed by C6–7 level (9 segments, 29.0%), C4–5 

level (5 segments, 16.1%), and C3–4 level (3 segments, 9.7%). The 

overall mean follow-up period after surgery was 77 months (range, 

60–150 months). The clinical characteristics of the enrolled patients 

are summarized in Table 1. 

2. Radiological Outcomes 
Fusion was achieved in 26 segments (83.9%) at the last follow-up. 

Subsidence occurred in 9 (45%) patients and 15 segments (48.4%) 

at the last follow-up. The patients were divided into the subsidence 

group and non-subsidence group. In the subsidence group, there 

were 8 male and 1 female patient with a mean age of 55.3 years 

(range, 31–74 years). In the non-subsidence group, 8 male and 3 

female patients with a mean age of 47.9 (range, 30–71 years). The 

mean follow-up duration was 68.5months (range, 60–96 months) 

and 85.8 months (range, 60–150 months) in the subsidence group 

and non-subsidence group, respectively (Table 2). The decrease in 

intervertebral height mainly occurred on the anterior, middle, and 

posterior portions at the same time. Anterior-only, middle-only 

subsidence, and combined anterior and middle subsidence oc-

curred; however, posterior-only subsidence was not observed. The 

mean anterior intervertebral height (AIH), middle intervertebral 

Table 1. Clinical characteristics of patients
Variables Value (n=20)
Mean age (years) 59 (30–74)
Sex
 Male 16 (80.0)
 Female 4 (20.0)
BMD −1.5±0.9
Stand-alone ACDF
 1 segment 10 (50.0)
 2 segments 9 (45.0)
 3 segments 1 (5.0)
Level of segments 31
 C3–4 3 (9.7)
 C4–5 5 (16.1)
 C5–6 14 (45.2)
 C6–7 9 (29.0)
Mean follow-up period (months) 77 (60–150)

The data is presented as mean(range), number (%), or mean±standard devi-
ation.
ACDF: anterior cervical discectomy and fusion; BMD: bone mineral density.

Fig. 2. (A-C) Changes in anterior intervertebral height (AIH), middle intervertebral height (MIH), and posterior intervertebral height (PIH) 
preoperative, immediate post-operative, 1 year, and 2 years post-operatively, and at the last follow-up between subsidence and non-sub-
sidence group.
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height (MIH), and posterior intervertebral height (PIH) in the 

subsidence group decreased by 6.1±2.5, 6.0±2.8, and 4.6±3.1mm, 

respectively, and in non-subsidence group, they decreased by 

1.5±1.3, 1.5±1.2, and 1.2±1.4mm, respectively, from the values 

recorded immediately after surgery to those recorded at the last 

follow-up. Although the AIH, MIH, and PIH significantly decreased 

from after surgery to the last follow-up in both groups, TIH signifi-

cantly decreased more over time in the subsidence group than in 

the non-subsidence group (p<0.0001). The AIH, MIH, and PIH had 

mostly changed within one-year after surgery (Fig. 2). The overall 

mean SA of the last follow-up significantly increased by 2.3±8.5 de-

gree at the last follow-up in subsidence group and 1.7±5.2 degrees 

in the non-subsidence group compared to the values postopera-

tively (p<0.001), but there was no significant difference between the 

two groups (p=0.119). The overall mean CSA at the last follow-up 

significantly increased overtime in both groups compared with 

that reported post-operatively (p<0.001); the difference between 

the two groups was not statistically significant (p=0.98). The fusion 

rate at the last follow-up was 86.7% in the subsidence group (13 of 

15 segments) and 81.3% in non-subsidence group (13 of 16 seg-

ments) in segmental analysis, and the difference in the fusion rates 

between the two groups was not statistically significant (p=0.682) 

(Table 3). Regarding the non-fusion levels in both groups, there 

were no worsening of clinical symptoms and radiological findings, 

additional surgical treatment was not necessary throughout the fol-

low-up period. 

3. Clinical Outcomes 
The overall pre-operative VAS score of neck pain was 3.1±2.2 and 

3.0±1.0 at the last follow-up. At the last follow-up, the score had 

significantly improved to 3.5±2.2 and 4.1±1.1 in the subsidence 

group and non-subsidence group, respectively (p<0.001); and there 

Table 2. Patients’ characteristics of subsidence and non-subsidence 
group

Subsidence 
group (n=9)

Non-subsidence 
group (n=11) p-value*

Mean age (years) 55.3 47.9 0.104
Sex (male:female) 8:1 8:3 0.051
BMD −1.43±1.0 −1.52±0.8 0.793
Follow-up period (month) 68.5 85.8 0.058
Level of segments 15 (48.4) 16 (51.6) 0.847
 C3–4 2 (13.3) 1(6.3)
 C4–5 2 (13.3) 3 (18.8)
 C5–6 7 (46.7) 7 (43.8)
 C6–7 4 (26.7) 5 (31.3)

BMD: bone mineral density.
*Comparison of mean values between the subsidence and non-subsidence 
group.

Table 3. Radiological outcomes
Subsidence 

group
Non-subsid-
ence group p-value‡

AIH <0.001*
 Pre-operation 35.7±3.1 34.7±4.6 0.476†

 Post-operation 37.0±5.1 34.7±3.7 0.152†

 1-year follow-up 32.9±4.4 31.9±1.9 0.499†

 Last follow-up 31.0±4.6 33.1±4.3 0.186†

 ΔPost-operation – Last follow-up 6.1±2.5 1.5±1.3 <0.001†

MIH <0.001*
 Pre-operation 34.5±2.5 34.3±4.2 0.831†

 Post-operation 36.5±4.5 34.4±3.5 0.155†

 1-year follow-up 32.9±3.9 31.4±1.7 0.261†

 Last follow-up 30.6±4.1 33.0±3.9 0.110†

 ΔPost-operation – Last follow-up 6.0±2.8 1.5±1.2 <0.001†

PIH <0.004*
 Pre-operation 34.9±2.4 34.5±4.4 0.812†

 Post-operation 36.5±4.3 34.3±3.2 0.112†

 1-year follow-up 33.2±3.8 31.9±2.1 0.353†

 Last follow-up 31.9±3.8 33.1±4.0 0.399†

 ΔPost-operation – Last follow-up 4.6±3.1 1.2±1.4 <0.001†

Cervical sagittal angle 0.003*
 Pre-operation −8.2±18.3 −12.2±13.0 0.385†

 Post-operation −10.5±10.2 −14.6±7.9 0.094†

 1-year follow-up −8.1±13.3 −12.8±7.4 0.887†

 Last follow-up −6.7±11.9 −12.2±6.4 0.884†

 ΔLast follow-up – Post-operation 3.8±9.8 2.4±7.8 0.098†

Segmental angle 0.154*
 Pre-operation −1.7±7.3 −2.5±6.0 0.190†

 Post-operation −0.4±5.9 −3.8±4.7 0.737†

 1-year follow-up 0.9±7.4 −2.6±5.1 0.668†

 Last follow-up 1.9±8.0 −2.1±5.0 0.301†

 ΔLast follow-up – Post-operation 2.3±8.5 1.7±5.2 0.119†

Fusion
 Last follow-up 13 (86.7) 13 (81.3) 0.682

The data is presented as mean±standard deviation or number (%).
AIH: anterior intervertebral height; MIH: middle intervertebral height; PIH: 
posterior intervertebral height.
*Comparison of mean values between postoperation and last follow-up. 
†Comparison of mean values between the subsidence and non-subsidence 
groups. ‡Paired t-test was used for analysis.

was no statistical difference between the two groups (p=0.441). 

The overall pre-operative VAS score of arm pain was 3.9±1.8 and 

3.3±1.8 at the last follow-up. At the last follow-up, it had significant-

ly improved to 3.3±1.7 and 3.6±1.4 in the subsidence group and 

non-subsidence group, respectively (p<0.001); and there was no 

statistical difference between the two groups (p=0.632). Further-

more, the NDI score had improved over time during the follow-up 

period in both groups (p<0.001), and the difference was not statis-

tically significant (p=0.706) (Table 4). No patients reported wors-

ening pain or an increase in the NDI score during the follow-up 

period. 
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DISCUSSION 

ACDF with plate fixation has been considered the “gold standard” 

for safe and solid cervical interbody fusion in the treatment of de-

generative cervical disease15,25). Anterior plate fixation improves 

cervical spine stability, enhances the fusion rate, and maintains 

the intervertebral height and cervical physiological curvature, thus 

reducing the complications of post-operative graft collapse and 

loss of physiological curvature12). In addition, various materials 

have been developed and used for interbody grafts with the ACDF, 

in order to avoid morbidity associated with autologous bone grafts. 

PEEK material cages have been developed to achieve immediate 

stability and successful bone fusion3). With the development of 

synthetic cages and bone-inductive substances, questions have 

arisen about the need for additional anterior plate fixation which 

can lead to complications such as material failure, dysphagia, and 

ASD13,14,17,19). Recently, several studies suggested that stand-alone 

ACDF is a safe and effective modality for cervical degenerative 

disease4,16,18,20,24). However, it remains controversial because the out-

come of the standalone ACDF of these reports included only two-

year or much lower follow-up periods. In this study, we revealed a 

radiological and clinical long-term outcome with a follow-up peri-

od of more than 5 years after stand-alone ACDF. 

The main consideration relating to stand-alone ACDF is sub-

sidence. The generally accepted hypothesis regarding subsidence 

after standalone ACDF is that, since there is no plate to support 

axial loading, the intervertebral space collapses as the implant 

penetrates the vertebral body. Kim et al.10) reported that the subsid-

ence occurred 58.6% after performing stand-alone ACDF with an 

average 5-year follow-up. They suggested that the subsidence was 

progressed over time continuously until the last follow-up period. 

In addition, the VAS score of the patients’ neck and arm increased, 

the patient’s satisfaction was assessed using Odom’s criteria, and 

64.6% of patients responded as unsatisfactory at the last follow-up. 

However, no statistical association was found between subsidence 

and clinical outcome. In our study, although the 48.4% subsidence 

occurred, neck and arm pain were relieved, and NDI scores im-

proved at the last follow-up (p<0.001). None of the patients experi-

enced worsening pain or neurologic symptoms after surgery, and 

no clinically negative outcomes associated with subsidence were 

reported. In addition, the decrease of intervertebral height mostly 

occurred within one-year after surgery, after that, we could find 

the tendency of decrease of intervertebral height was negligible 

until the last follow-up in non-subsidence group (Fig. 2). Similarly 

to our results, many previous reports revealed that the subsidence 

was not significantly associated with clinical outcome, and mostly 

occurred within one-year after surgery and then be stabled7–9,11). If 

the subsidence occurs, it may be assumed that the foraminal height 

would also decrease, affecting clinical outcomes. However, the VAS 

score of arm pain in subsidence group was significantly improved 

(p<0.001) in our study. We suggest that if foramen decompression 

is adequately and sufficiently performed during surgery, subsid-

ence does not affect the clinical outcome. 

The fusion rate reached 82.8% with good stability in our study. 

With the development of synthetic cages and bone-inductive sub-

stances, the use of anterior plating in ACDF did not seems to pro-

vide obviously high fusion rates. Meanwhile, Wu et al.23) reported 

that rigid anterior plating may act as a shield for the mechanical 

load, which is very important for fusion. It has been hypothesized 

that during the process of bone fusion and remodeling, cage sub-

sidence could be the consequence of cage settlement, contribut-

ing to mechanical loading of the bone graft inside the cage, thus 

promoting fusion2,22). Many reports have revealed that stand-alone 

ACDF achieved a successful fusion rate higher than 90%4,18,20). Al-

though not statistically significant, our study showed higher fusion 

rates in the subsidence group than in the non-subsidence group 

(Table 3). Regrading cervical stability, although the changes in CSA 

and SA values from the post-operative to the last follow-up values 

were larger in subsidence group than in the non-subsidence group, 

the difference between the two groups was not statistically signifi-

cant. Considering that the pre-operative CSA and SA values in the 

sub-sidence group were larger than those in the non-subsidence 

group, it can be assumed that the pre-operative CSA and SA values 

may affect the amount of change in the post-operative CSA and SA 

values. Consequently, stand-alone ACDF does not seem to be the 

only factor in the deterioration of SA and CSA. 

Except for subsidence, no surgery-related complications oc-

curred. In addition, although subsidence had occurred in 48.4% of 

the patients, their VAS or NDI scores had improved and additional 

Table 4. Clinical outcomes
Subsidence 

group
Non-subsid-
ence group p-value‡

VAS_neck <0.001*
 Pre-operation 6.0±2.6 6.9±1.5 0.226†

 Last follow-up 3.1±2.2 3.0±1.0 0.831†

 ΔPre-operation – Last follow-up 3.5±2.2 4.1±1.1 0.441†

VAS_arm <0.001*
 Pre-operation 6.8±1.1 6.8±1.5 0.916†

 Last follow up 3.9±1.8 3.3±1.8 0.350†

 ΔPre-operation – Last follow-up 3.3±1.7 3.6±1.4 0.632†

NDI <0.001*
 Pre-operation 19.3±9.8 22.4±11.6 0.440†

 Last follow-up 4.5±3.4 6.3±5.9 0.336†

 ΔPre-operation – Last follow-up 13.8±10.1 15.7±14.7 0.706†

VAS: visual analogue scale; NDI: neck disability index.
*Comparison of mean values between the post-operation and last fol-
low-up. †Comparison of mean values between the subsidence and non-sub-
sidence group. ‡Paired t-test was used for analysis.
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surgical treatment was not necessary throughout the follow-up 

period. In addition, until now, most previous reports have failed to 

explain the subsidence as a factor predicting low fusion rates, un-

satisfactory clinical outcomes, and kyphotic change after surgery7,8). 

Subsidence is an inevitable consequence of stand-alone ACDF; we 

suggest that proper subsidence with the sinking of cages into the 

vertebral bodies may contribute to solid fusion and does not ad-

versely affecting clinical outcomes and cervical alignment. 

This retrospective study had some limitations. This study com-

prised a small number of patients, and there was no control group 

to compare the radiological and clinical outcomes. Moreover, the 

predictive factors for subsidence and kyphotic change were not 

determined. Further randomized prospective studies are needed 

to determine the efficacy and toxicity associated with stand-alone 

ACDF surgery. 

CONCLUSION 

As a result of a long-term follow-up study after stand-alone ACDF, 

subsidence occurs to some extent. Still, it does not appear to sig-

nificantly impact radiological and clinical outcomes if the clinician 

performs sufficient decompression of foramen during surgery. 

Subsidence seems to have a positive influence on the fusion rate. 

Overall, stand-alone ACDF appears to be an acceptable surgical 

option for treating degenerative cervical disease. 
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INTRODUCTION 

Osteoporosis is emerging as a serious health problem worldwide24,33). 

An accurate examination of the bone mineral density (BMD) is im-

portant for treating the elderly of osteoporosis; it affects the prediction 

of the clinical prognosis, such as the fracture risk calculation, and the 

treatment choice18). As the elderly population increases, the propor-

Objective: Dual energy X-ray absorptiometry (DXA) is a standard tool for measuring the bone min-
eral density (BMD), but it sometimes provides inaccurate results. In contrast, quantitative computed 
tomography (QCT) measures the BMD more accurately by directly measuring the trabecular bone. 
This study examined the factors that cause the discrepancy between DXA and QCT with advanced 
spinal imaging. 
Methods: The medical records of 59 patients who underwent DXA, QCT, and a lumbar spine mag-
netic resonance imaging (MRI) were reviewed retrospectively. The following values were measured 
on plain radiographs, computed tomography, and MRI: lumbar lordosis, segmental scoliosis, com-
pression fracture, spondylosis, abdominal aortic calcification, facet joint degeneration, and Modic 
change. The significant parameters contributing to the discordance results between DXA and QCT 
were evaluated by logistic regression analysis. 
Results: QCT identified osteoporosis in 43 patients (72.88%). DXA identified 15 osteoporotic pa-
tients (25.42%). Of the 44 patients not diagnosed with osteoporosis by DXA, 30 patients (68.18%) 
were diagnosed with osteoporosis by QCT. Multivariate logistic regression analysis showed that the 
result of DXA might be overestimated by a degenerated facet joint (odds ratio [OR] 4.58; 95% con-
fidence interval [CI], 1.1–19.07) and measurements at a fracture site (OR, 1.63; 95% CI, 1.23–2.15). 
Conclusion: DXA might miss a diagnosis of osteoporosis. Facet joint hypertrophy due to degenera-
tion revealed a stronger association with the overestimation of the BMD by DXA than the forma-
tion of osteophytes at the vertebral body. Therefore, the results of DXA should be interpreted care-
fully, considering the possibility of interruption. 
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tion of patients with osteoporosis is expected to increase. In particular, 

in spinal fusion surgery, osteoporosis is closely related to the clinical 

outcome because the fusion rate and degree of subsidence differ 

according to the patient’s BMD. The prevalence of osteoporosis in pa-

tients requiring spinal surgery has also increased. 

Dual energy X-ray absorptiometry (DXA) is the gold standard meth-

od of measuring the areal BMD of the lumbar spine and hip10). This 
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technique determines the two-dimensional BMD, including both the 

trabecular and cortical bone. During DXA measurements, two X-ray 

beams are directed at the bone. The bone density can be calculated 

from the absorption of each beam by the bone after subtracting the 

beam quantity absorbed by soft tissue25). In contrast, quantitative 

computed tomography (QCT) is a representative technology to com-

plement DXA. With the progression of computed tomography (CT) 

diagnosis technology, QCT was developed to measure bone density. 

QCT is performed on a CT scanner using a calibration phantom and 

dedicated computer software for analysis. Calibration phantoms are 

devices composed of material similar to the bone mineral structure. 

they are needed to convert the attenuation measured in Hounsfield 

units into BMD values3,15). In an estimation of the BMD, the trabecular 

bone is more important than the cortical bone because most of the 

bone mineral metabolism occurs in the trabecular bone. QCT can 

differentiate the cancellous bone so that it is more sensitive to the 

detection of osteoporosis and for monitoring the changes in the bony 

structures than DXA1,23). Owing to the difference between DXA and 

QCT, clinicians sometimes experience conflicting results from the two 

studies. For example, the BMD measured by DXA may be overesti-

mated due to increased bone surface with degenerative changes7,31,39). 

Another study reported that 55% to 90% of osteoporotic fractures ap-

peared in individuals without a diagnosis of osteoporosis by DXA28). 

Despite the advanced volumetric measurements by QCT, DXA 

remains the most popular diagnostic measurement with several ad-

vantages, including low radiation dose, rapid data analysis, medium 

price, and easy handling2,18). In most cases, clinicians make decisions 

on patients with potential osteoporosis using only DXA. Therefore, it 

is important to recognize the risk factors that cause an overestimation 

of the DXA values. Many studies have reported that patients with obe-

sity, bone degenerative changes, and aortic calcification may have an 

overestimate BMD value when examined with DXA36). On the other 

hand, most studies lacked advanced spinal imaging, such as CT and 

magnetic resonance imaging (MRI). This study examined the factors 

causing the discrepancy between DXA and QCT using imaging data, 

such as spinal MRI and CT of the lumbar spine. 

MATERIALS AND METHODS
 
1. Study Design 
The medical data of 59 patients who underwent DXA and QCT 

between June 2018 and July 2019 were reviewed. Each patient was 

scanned on Prodigy DXA (GE Healthcare, Madison, WI, USA) and a 

256-slice GE Revolution CT scanner (GE Healthcare). Prodigy DXA 

scans were analyzed by Lunar Prodigy Advance enCORE Version 17 

(GE Healthcare), and CT scans were processed using QCTPro soft-

ware (Mindways Software, Inc., Austin, TX, USA). The DXA software 

marked regions of interest (ROI) consisted of the L1 through L4 ver-

tebrae area5). QCT software included two vertebrae between T11 and 

L4, usually L1 and L2. ROI of QCT measured the trabecular BMD in 

isolation of selected vertebrae. 

These examinations were performed with an interval of less than 

six months. All data, including the clinical and radiologic results, were 

reviewed retrospectively from the electronic medical records. 

The Institutional Review Board (IRB) at the authors’ institute (IRB 

No. 2020-01-002) approved this study, and the informed consent re-

quirement was waived. Patients with a history of infection, tumors, or 

previous laminectomy were excluded. 

All patients were classified into normal, osteopenia, or osteoporosis 

from the results of DXA according to the World Health Organization 

classification. Osteoporosis is defined as a BMD of 2.5 standard de-

viations (SDs) or more below the average for young, healthy women 

(a T-score of <−2.5 SD). Osteopenia was defined as a BMD below the 

normal value (a T-score between −1 to −2.5)8). The results of QCT 

were also classified according to The American College of Radiology 

diagnostic categories. Osteoporosis was defined by a trabecular BMD 

<80mg/cm3 and osteopenia 80≤BMD ≤120mg/cm3. The patients were 

classified into the concordance or discordance group depending on 

the agreement between the DXA and QCT results. The concordance 

group included patients with consistent BMD results of DXA and 

QCT, and the discordance group included patients whose BMD re-

sults were overestimated in DXA compared to QCT.  

2. Radiologic Evaluation 
Plain radiographs of the lumbar spine and MRI were taken in all 

enrolled patients. Lumbar lordosis was defined as the Cobb angle 

between the inferior endplate of T12 and the superior endplate of S1 

in a lateral image with a neutral position14). The presence of scoliosis 

was defined if the Cobb angle between the lumbar vertebrae exceed-

ed 10º in the anterior-posterior image6). The presence of prior surgical 

instrumentation, including bone cement, was also confirmed16). 

3. Lumbar Spondylosis 
Spondylosis was scored at all lumbar vertebrae using the Kell-

gren-Lawrence (KL) method as follows: KL1, slight osteophytes; KL2, 

definite osteophytes; KL3, disc space narrowing with osteophytes; 

KL4, bone sclerosis, disc space narrowing, and large osteophytes (Fig. 

1). The scores from each lumbar intervertebral disc were then com-

bined22,37). 

4. Abdominal Aorta Calcification (AAC) 
The degree of AAC was quantified using the AAC-8 scale, which eval-

uates the anterior and posterior abdominal aortic wall calcification 

in front of the vertebral body from L1 to L4. Both the anterior and 

posterior aortic wall calcification were scored from 0 to 4 so that the 

total score ranged from 0 to 8 as follows: 0, no calcification is seen; 1, 

length of calcification is equal to the height of one vertebra or less; 2, 

the length is more than one but less than or equal to the heights of two 
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vertebrae; 3, the length is more than two but less than or equal to the 

heights of three vertebrae; 4, the length of calcification was more than 

the height of three vertebrae (Fig. 2)19). 

5. Modic Endplate Change 
The Modic change might affect the BMD of DXA. In each group, pa-

tients with Modic changes were classified into three types according 

to the lumbar spine MRI results. Type I represents bone marrow ede-

ma and inflammation. Type II represents the conversion of normal 

red hemopoietic bone marrow into yellow fatty marrow due to mar-

row ischemia. Type III represents subchondral bony sclerosis9,20,26). 

6. Facet Joint Degeneration 
The facet joint is located between the superior and inferior processes 

of the vertebra and is composed of an articular capsule, cartilage, and 

synovium. The facet joint degeneration is similar to other synovial 

joints, such as the knee17,30,41). A larger facet with degenerative changes 

also cause discordance between the DXA and QCT results. Facet de-

generation was graded from 0 to 3 with axial images per lumbar spinal 

segment of the CT and MRI data.: grade 0, normal facet joint space 

(2±4mm width); grade 1, narrowing of the facet joint space (<2mm) 

and/or small osteophytes and/or mild hypertrophy of the articular 

process; grade 2, narrowing of the facet joint space and/or moderate 

osteophytes and/or moderate hypertrophy of the articular process 

and/or mild subarticular bone erosions; and grade 3, narrowing of 

the facet joint space and/or large osteophytes and/or severe hypertro-

phy of the articular process and/or severe subarticular bone erosions 

and/or subchondral cysts29,38). The facet joint degeneration grade was 

measured for all lumbar spine levels of the patient, and each grade 

was combined. 

7. DXA Measurement at the Fracture Site 
Ideally, DXA measurements should be limited to a normal-shaped 

vertebra. On the other hand, confirming a vertebral fracture and sub-

sequent wedging deformity with a blurred anterior-posterior image 

on DXA is difficult, especially if are no further images to detect the 

wedging. As a result, radiology technicians sometimes include DXA 

measurements at the fracture site unintentionally (Fig. 3) This tech-

nical error is considered a risk factor that might affect the areal BMD 

estimated by DXA. 

Fig. 1. Using the Kellgren-Lawrence (KL) grade, lumbar spondylosis 
was scored. (A) KL1, slight osteophytes, (B) KL2, definite osteo-
phytes, (C) KL3, disc space narrowing with osteophytes, (D) KL4, 
bone sclerosis, disc space narrowing, and large osteophytes.

Fig. 2. Total score was the sum of 
anterior and posterior calcification 
scores over L1 to L4 and ranged 
from 0 to 8; (1) 1, length of calci-
fication is equal to the height of 1 
vertebrae or less; (2) 2, the length 
is more than 1 but less than or 
equal to the heights of 2 verte-
brae; (3) 3, the length is more than 
2 but less than or equal to the 
heights of 3 vertebrae; (4) 4, the 
length of calcification was more 
than the height of 3 vertebrae. For 
example, the patient’s abdominal 
aorta calcification-8 score was 8.

Fig. 3. In the patient, (A) the lumbar X-ray lateral view showed 
an L2 severe burst fracture, (B, C) but posteroanterior dual energy 
X-ray absorptiometry included the fracture level when represent-
ing the bone mineral density (BMD) T-score, −1.5.
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8. Statistical Analysis 
The descriptive data are pesented as the mean±SD. The χ2 test and 

Fisher exact test were performed to compare the categorical variables 

between two independent groups. A Student’s t-test was performed to 

compare the continuous variables between two independent groups; 

p-values less than 0.05 were considered statistically significant. Mul-

tivariate logistic regression analysis was used to analyze the possible 

risk factors with backward elimination. All statistical analyses were 

performed using SPSS version 20.0(SPSS Inc., Chicago, IL, USA). 

RESULTS 

1. Baseline Characteristics 
The sex ratio was not different significantly between the two groups 

(M:F=10:15 vs. M:F=10:24). The mean age of the discordance 

group was significantly higher than that of the concordance group 

(66.84±12.73 vs. 73.64±7.48). The physical conditions, including 

height, weight, and body mass index (BMI), were no disparity in both 

groups. The presence of prior spinal instrumentation or cement aug-

mentation was similar in both groups (p=0.587). The mean number 

of vertebrae with a wedging deformity due to prior compression 

fractures was 0.72±0.79 and 1.00±0.98 for the concordance and dis-

cordance groups, respectively. The difference was not significant 

(p=0.247). Thus, except for age, the remaining demographic data did 

not show significant differences between the two groups (Table 1). 

2. The Two-groups Classification for Comparison 
Among the 59 patients enrolled, DXA showed an overestimation in 

34 patients for the detection of osteoporosis compared to QCT. They 

were classified as follows: normal on DXA and osteopenia on QCT, 

normal or osteopenia on DXA, and osteoporosis on QCT. These pa-

tients were defined as a discordance group. On the other hand, 23 pa-

tients demonstrated the same diagnosis on both DXA and QCT. Only 

two patients showed an underestimation of DXA compared to QCT. 

These 25 patients were defined as the concordance group (Table 2). 

3. Risk Factor Comparison 
The risk factors identified by further lumbar imaging studies were 

compared between the two groups. Lumbar scoliosis and lumbar 

lordosis were similar in both groups (p=0.412, 0.906, respectively). 

Although the number of compression fractures was similar in the two 

groups, the DXA measurements at fracture were more frequent in 

the discordance group than the concordance group (20% vs. 52.9%, 

p=0.015). The mean KL grade of spondylosis was 6.56±3.42 and 

8.32±3.77 for the concordance and discordance groups, respectively; 

they were not statistically different (p=0.071). AAC-8 was significantly 

higher (3.11±2.99) in the discordance group than in the concordance 

group (1.4±2.59) (p=0.025). The Modic endplate changes were ob-

served in four patients in the concordance group and nine patients in 

the discordance group without a significant difference (p=0.417). The 

mean facet degeneration grade of the concordance and discordance 

groups was 8.92±2.39 and 12.23±2.68, respectively. The difference was 

significant (p<0.001) (Table 3). 

4. Multivariate Logistic Regression Analysis 
A multivariate logistic regression model was constructed using the 

statistically significant risk factors between the two groups by univar-

iate analysis. After stepwise elimination, there were two statistically 

Table 1. Demographics characteristics of the concordance group and discordance groups
Variables Concordance group (n=25) Discordance group (n=34) p-value
Sex (male:female) 10:15 10:24 0.419
Age (year) 66.84±12.73 73.64±7.48 0.013*
Height (cm) 155.36±7.15 152.29±6.52 0.092
Weight (kg) 59.34±11.6 61.2±10.47 0.521
BMI 24.62±4.63 26.37±4.04 0.127
BMD (g/cm2, DXA) 0.9058±0.24 0.9799±0.12 0.129
T score (DXA) −1.98±1.98 −1.18±0.98 0.047*
BMD (mg/cm3, QCT) 84.17±42.88 60.77±24.00 0.010*
Instrumentation or cement augment 7 (28%) 12 (35.3%) 0.587
Compression fracture (No. of level) 0.72±0.79 1.00±0.98 0.247

The data is presented as the mean±standard deviation or number (%).
BMI: body mass index; BMD: bone mineral density; DXA: dual energy X-ray absorptiometry; QCT: quantitative computed tomography.
*p<0.05 is significant.

Table 2. Diagnostic results of DXA and QCT for 59 participants
QCT

DXA Normal (BMD>120 mg/cm3) Osteopenia (80≤BMD≤120 mg/cm3) Osteoporosis (BMD<80 mg/cm3)

Normal (T≥-1.0) 5 4 13
Osteopenia (−2.5<T<−1.0) 0 5 17
Osteoporosis (T≤ −2.5) 0 2 13

DXA: dual energy X-ray absorptiometry; QCT: quantitative computed tomography; BMD: bone mineral density.
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significant risk factors. The highest odds ratio (OR) was observed in 

the measurements at fracture (OR, 4.58; 95% confidence interval [CI], 

1.1–19.07). The facet degeneration grade showed a significant rela-

tionship (OR, 1.63; 95% CI, 1.23–2.15) (Table 4). 

DISCUSSION 

The discrepancy between the DXA and QCT was attributed to techni-

cal differences during BMD acquisition. QCT can evaluate trabecular 

and cortical bone independently. QCT measured BMD volumetri-

cally and interpreted in three dimensions, whereas DXA evaluates 

areal bone density and reflects the amount of cortical and trabecular 

tissue present within a vertebrae structure. It has been reported that 

intra- and an interobserver compromise was outstanding in L1 den-

sity measurement by QCT. According to Gerety et al.11), there were in-

tra-class correlation coefficients for each observer’s measurements at 

two separate time points with a coefficient for observer 1 of 0.94 (95% 

CI, 0.88–0.97) and observer 2 and 3 of 0.99 (95% CI, 0.98–1). They also 

presented interobserver measurements had an intra-class correlation 

coefficient of 0.98 (95% CI, 0.96–0.99)11). For these reasons, QCT has 

less impact on degenerative changes on BMD compared to DXA15). 

The interruption maximizes at the lumbar spine compared to the 

femur. Previous studies reported that several risk factors, including 

spondylosis and aortic calcification, affect the areal BMD measured 

by DXA. On the other hand, their results were limited because prior 

studies relied on only plain radiographs. In contrast, the present study 

was conducted with additional spinal imaging results, such as CT and 

MRI. Therefore, an evaluation of a more detailed structural classifica-

tion was possible with this study, which had never been recognized 

before. As a result, two novel risk factors showed a stronger relation-

ship with the discrepancy between DXA and QCT. 

Measurements at a fracture site are a form of technical error regard-

ing the DXA outputs. After obtaining a spine bone density image, the 

interpreting physician should mark the ROI. According to the guide-

line, the region should include the inferior portion of T12 and the 

superior portion of L54). Setting the ROI, the physician easily excludes 

the area with artificial devices, such as augmenting cement and spinal 

instrumentation. Detecting and excluding fracture sites are inconve-

nient using only an unclear anteroposterior bone density scan. As a 

result, fracture sites are often included in ROI at DXA examination in 

clinical practice. The present study showed that the inclusion of the 

fracture sites in the ROI resulted in a powerful misinterpretation of 

DXA. This would have resulted from the DXA calculation using the 

areal BMD. The condensed bony structure by a compression fracture 

may lead to an overestimation of the BMD because a wedging defor-

mity cannot be detected in two-dimensional images. Therefore, the 

interpreting physician needs to confirm the presence of a wedging 

deformity with a lateral plain radiograph if possible. 

Degenerative changes of the lumbar spine are a confounding factor 

of DXA measurement12,13,16). 

According to Yu et al.39), lumbar degenerative changes were found 

in all 114 patients in a group whose BMD was overestimated at the 

DXA examination, but they focused only on the anterior spinal col-

umn. One study reported a significant increase in BMD in subjects 

with vertebral osteophytes. In contrast, Reid et al.32) reported that-spi-

nal osteophytes are unlikely to interfere with the BMD estimation, 

which is similar to the results of the present study. In this study, the 

discordance group showed a higher KL grade of spondylosis, which 

evaluates the degenerative changes in the vertebral osteophytes, but 

the difference failed to reach statistical significance. On the other 

hand, facet degeneration grade was a significant factor affecting the 

measurements from DXA. In previous papers, it has not been report-

ed intensively whether facet joint hypertrophy has a greater effect on 

overestimated BMD at the DXA examination. The facet degeneration 

grade by Weishaupt et al.38) also concentrat ed on the narrowing of 

joint space and sclerosis. Nevertheless, the most significant change 

by a higher grade would be hypertrophy of the facet joint. Facet joint 

hypertrophy appears to be in proportion to the volumetric increase in 

the total bony structures9). 

The positional relationship during DXA scanning was evaluated 

by the presence of scoliosis and lumbar lordosis. None of these two 

factors showed a significant difference between the concordance and 

Table 3. Comparison of the radiological risk factors between the concor-
dance group and discordance groups

Radiological risk factors Concordance 
group (n=25)

Discordance 
group (n=34) p-value

Scoliosis (Cobb angle >10º) 5/25 (20%) 10/34 (29.4%) 0.412
LL (º,T12-S1) 33.84±21.55 33.27±16.04 0.906
Measurement at fracture 5 (20%) 18 (52.9%) 0.015*
Spondylosis grade (KL) 6.56±3.42 8.32±3.77 0.071
AAC-8 1.4±2.59 3.11±2.99 0.025*
Modic change 0.417
None 21 25
 Type I 1 1
 Type II 3 4
 Type III 0 4
 Facet degeneration grade 8.92±2.39 12.23±2.68 <0.001

The data is presented as the mean±standard deviation or number (%). LL: 
lumbar lordosis; KL: Kellgren-Lawrence; AAC: abdominal aorta calcification.
*p<0.05 is significant.

Table 4. Results of multivariate logistic regression analysis for the pres-
ence of a discrepancy between QCT and DXA

Risk factors
Logistic regression

p-value Odds ratio (95% CI)
Facet degeneration grade 0.001* 1.63 (1.23–2.15)
Measurement at fracture 0.036* 4.58 (1.1–19.07)

QCT: quantitative computed tomography; DXA: dual energy X-ray absorpti-
ometry; CI: confidence interval.
*p<0.05 is significant.
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discordance groups. On the other hand, these results do not mean 

that the position is irrelevant in an examination. The technician is re-

quired to confirm whether the patient has a straightforward position. 

The result cannot be compared if the patient had a different position 

on repetitive scans from the baseline study. 

AAC also influences the BMD result because DXA scanning can-

not distinguish between a pure vertebral structure and calcification 

within an adjacent blood vessel21). In this study, AAC showed a sig-

nificant difference between the two groups but failed to improve the 

significance in multivariate analysis. Li et al.23) reported that 41/140 

patients (29.3%) were diagnosed with osteoporosis only by QCT, not 

by DXA. A relatively large proportion of patients (25 patients, 61.0%) 

were found to have AAC. AAC also acts as an important independent 

determinant of cardiovascular disease35). A previous study reported 

that the severity of aortic calcifications was negatively correlated with 

the BMD results at the lumbar spine27). 

Two patients were diagnosed with osteoporosis on DXA but osteo-

penia on QCT. They were included in the concordance group in this 

study. They consisted of one male and one female. They had relatively 

short stature (male, 164 cm; BMI, 24.72; female, 149 cm; BMI, 19.82). 

There has been a report that a short stature can be associated with 

an inaccurate measurement of bone mass34). The female patient was 

on the treatment of osteoporosis with denosumab. It is reported that 

desunomab reduces cortical porosity and increases the volume ratio 

of trabecular bone to total bone volume40). Although underestimation 

of DXA could be caused by changes in the proportion of cortical bone 

depending on the drug and medical condition, the exact cause of un-

derestimation of DXA was unclear in these two patients. 

This study had several limitations. This research had a retrospective 

design with a relatively small sample size. Furthermore, because this 

study was conducted in a single institution, the results might have 

been affected by the distinct characteristics of the area. A multi-center 

study with a larger number of patients from diverse regions will be 

needed to decrease the possibility of bias. 

CONCLUSION 

QCT showed a higher detection rate of osteoporosis than DXA. DXA 

might miss a diagnosis of osteoporosis. Facet joint hypertrophy due to 

degeneration revealed a stronger association with the overestimation 

of the BMD by DXA than the formation of osteophytes at the vertebral 

body. The inclusion of a region-of-interest at the fracture site, which 

is a common technical error, also resulted in the incorrect measure-

ment of osteoporosis by DXA. Therefore, the results of DXA should be 

interpreted carefully. 
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Objective: This study aimed to compare the radiographic and clinical outcomes between 
sacral alar iliac (SAI) screw fixation and conventional iliac (CI) screw fixation with a particular 
focus on the rate of reoperation, surgical site infection (SSI), sacroiliac joint pain, instrument 
failure, and screw prominence. 
Methods: Patients who underwent sacropelvic fixation in the authors’ institution from June 
2011 to May 2017 were retrospectively investigated. Forty-three patients with SAI screw fixa-
tion and 25 with CI screw fixation were included. Preoperative patient and surgical character-
istics and postoperative outcomes and complications were analyzed between the SAI and CI 
groups. Radiographic parameters were analyzed before and after surgery. 
Results: Lumbosacral fusion rates showed no statistically significant difference between the 
SAI group and CI groups (90.7% vs. 92.0%, p=0.878). The SAI group showed a significantly 
good result with regard to SSI compared to the CI group (0% vs. 16%, p=0.016), but had a 
significantly higher rate of distal screw fracture than the CI group (16.3% vs. 0%, p=0.042). 
Conclusion: The SAI screw fixation technique could achieve good outcomes of pain relief, de-
formity correction, and lumbosacral fusion rate with relatively lower complications such as the 
rates of reoperation, SSI, and screw prominence as compared to the CI screw fixation tech-
nique. However, distal instrument failure was observed more frequently in the SAI group, re-
quiring further biomechanical studies. 

Keywords: Lumbosacral region; Sacroiliac joint; Sacrum; Spinal fusion  
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INTRODUCTION 

Despite all the recent advancements and development in spinal in-

strumentation and surgical techniques and a better understanding 

of the biology of spinal fusion, pseudoarthrosis, or construct failure 

of the lumbosacral junction continues to be a major obstacle in 

spinal surgery18,26,28). The sacropelvic junction has some issues such 

as complex local anatomy, substantial biomechanical force, and 

poor bone quality that contribute to the high rates of instrumenta-

tion-related complications13,20,25,29). Fixation of the sacropelvic spine 

requires additional instrumentation to overcome the complications 

associated with fusion ending at the S1 level. 

Many sacropelvic fixation techniques have been developed: the 

Galveston technique and Dunn-McCarthy (S-Rod) technique, as 

well as the transiliac screw, intrasacral rod, iliosacral fixation, and 

iliac screw-based techniques6,7,24). The conventional iliac (CI) screw 

fixation technique has been most commonly used to augment the 

sacropelvic fusion rate and reduce the mechanical failure rate. The 

sacral alar iliac (SAI) screw fixation technique has been introduced 

and is low-profile with higher biomechanical property for alterna-

tives to CI screw fixation. 

Although there are many biomechanical and cadaveric studies 

on SAI and CI screw fixation techniques, there are few direct com-

parative analyses of the difference in clinical outcomes between 

the two techniques. Therefore, the objective of this study was to 

compare the clinical and radiographic outcomes between SAI and 

CI screw fixation techniques in a single institution, with a particular 

focus on the rate of reoperation, surgical site infection (SSI), sac-

roiliac (SI) joint pain, rod fracture, screw failure, and screw promi-

nence. 

MATERIALS AND METHODS 

1. Patient Population and Inclusion Criteria 
Institutional Review Board (IRB) approval was obtained (IRB No. 

3-2017-0340). The researchers conducted a retrospective consec-

utive review of all patients who underwent sacropelvic fixation in 

their institution from June 2011 to May 2017. Sacropelvic fixation 

was performed for fusion augmentation in the cases of deformity 

correction operations requiring spinal fusion down to the sacrum. 

SAI screw fixation was performed in 79 patients and CI screw fixa-

tion in 50 patients. The inclusion criteria for this study were at least 

one year of a follow-up period and patients having the appropriate 

imaging studies such as whole spine X-ray, computed tomography 

(CT), and magnetic resonance imaging preoperatively and postop-

eratively. Based on these criteria, 43 of 79 patients with SAI screw 

fixation and 25 of 50 patients with CI screw fixation were included. 

2. Preoperative Patient Demographics and Surgical Char-
acteristics 
Patient demographics were investigated including age at opera-

tion, sex, surgical diagnosis, comorbidity such as diabetes mellitus 

and osteoporosis, smoking history, body mass index (BMI), bone 

mineral density, duration of follow-up, and preoperative and post-

operative visual analog scale (VAS) for pain. Surgical characteristics 

were also investigated, including the history of previous lumbosa-

cral operation, spinal level of screw fixation, postoperative com-

plications, and reoperation. Postoperative complications included 

proximal junctional failure or kyphosis, distal instrument failure, 

rod fracture, wound dehiscence, SSI, and screw prominence. Reop-

eration was defined as any unplanned procedure required for the 

treatment of pseudoarthrosis or other complications. 

3. Radiographic Measurements 
Radiographic parameters were measured on the anteroposterior 

and lateral radiograph of the standing whole spine X-ray. Preop-

erative, immediately postoperative, 6 and 12 months after the sur-

gery, and final follow-up standing whole spine X-ray were studied. 

The measured parameters were sagittal vertical axis (SVA), pelvic 

incidence (PI), pelvic tilt (PT), sacral slope, lumbar lordosis (LL), 

thoracic kyphosis, and cervical lordosis. Proximal junctional failure 

was defined as “proximal junctional sagittal Cobb angle between 

the lower endplate of the uppermost instrumented vertebra and 

the upper endplate of the two supra-adjacent vertebrae ≥10° and 

at least 10° greater than the preoperative measurement”4). Unlike 

proximal junctional problems, there was no consensus on the 

definition of distal instrumentation or lumbo-sacro-pelvic fixation 

failure. With reference to previous studies3,5,11), distal instrumenta-

tion failure was defined as breakage of the SAI or CI screws, halo 

formation around the screw, or screw pullout. If patients had focal 

wound dehiscence or tenderness on the buttock areas directly over 

the SAI or CI screw head immediately after the surgery, they were 

considered symptomatic screw prominence. Fusion status was as-

sessed by CT scan one year after the surgery and the outcome was 

expressed as the grading system that was previously used in other 

studies (Table 1). 

4. Surgical Techniques 
The step-by-step procedures for the CI and SAI screw fixation 

techniques are described in detail in previous studies2,17,25) and will 

be discussed briefly herein. For the CI screw fixation technique, a 

simple posterior midline incision is used, followed by an additional 

dissection of the posterior superior iliac spine that will be the entry 

point of the screw. A separate skin incision was not used for the 

insertion of the iliac screws. Before inserting the screw, a portion of 

bone at the entry point was removed by performing osteotomy to 

create space to minimize the prominence of the screw head. The 
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screw must be placed between the inner table and the outer table 

of the iliac bone and the trajectory of the screw directed with an 

angulation between 20° to 45° caudally and 30° to 45° laterally. For 

SAI screw insertion, a simple posterior midline incision was made, 

and the muscle layer was dissected subperiosteally to expose the 

sacral bone. To preserve muscle coverage over the instrumentation, 

subperiosteal dissection of the sacrum was limited to the entry 

point located 2 to 3 mm caudal and 2 to 3mm lateral to the neural 

foramen of S1. The SAI screw was directed toward the greater tro-

chanter, rostral to the sciatic notch, and angulation was usually 40° 

lateral in the axial plane and 40° caudal in the sagittal plane; the 

exact trajectory was determined based on the preoperative CT and 

the screw was generally placed under intraoperative fluoroscopic 

guidance. This trajectory crosses the SI joint and the screw pene-

trates three cortical surfaces. The tip of the screw is engaged in the 

dense bone above the sciatic notch. 

5. Statistical Analysis 
Intergroup comparison of categorical variables was achieved using 

Fisher’s exact test. The unpaired t-test was used to analyze contin-

uous variables. Data were presented as the mean±standard devia-

tion unless specified. Moreover, the Mann-Whitney U test was used 

to analyze nonparametric continuous variables. The Statistical 

Package for the Social Sciences software (version 20.0; SPSS Inc., 

Chicago, IL, USA) was used for all statistical analyses. A p-value of 

less than 0.05 was considered statistically significant. 

RESULTS 

1. Baseline Characteristics and Surgical Outcomes 
The mean duration of follow-up was 640±244 days vs. 627±282 days 

(SAI group vs. CI group); the mean age of patient was 65.3±9.0 years 

vs. 60.6±13.5 years (range, 28–79 years); and the mean number of 

screw fixation levels was 7.3±2.1 segments vs. 7.6±3.1 segments 

(range, 3–14 segments) (Table 2). The predominant diagnoses were 

adult spinal degenerative deformity, iatrogenic flat back syndrome, 

and secondary acquired kyphosis. Secondary acquired kyphosis 

included post-traumatic and post-infectious kyphosis. 

Regarding baseline patient demographics, there were no statisti-

cally significant differences in age, sex, BMI, duration of follow-up, 

smoking, diabetes mellitus, osteoporosis, and previous spinal sur-

gery between the two groups. In both groups, the SVA, LL, PT, and 

PILL improved after surgery compared to before surgery, but no 

statistically significant difference was observed between the two 

groups (Table 3). Lumbosacral fusion rates showed no statistical-

ly significant difference between the SAI group and the CI group 

(90.7% vs. 92.0%, p=0.878) (Table 1, 4). There were improvements 

in the VAS for pain compared to preoperative values, but no statis-

tically significant differences in the SAI and CI groups (6.7±1.6 vs. 

1.6±1.4, p<0.01; 7.2±1.3 vs. 2.2±1.3, p<0.01, respectively) (Table 4). 

2. Postoperative Complications 
There were no statistically significant differences between the SAI 

group and CI group with respect to rod fracture, wound dehiscence, 

and screw prominence. The rate of reoperation, one of the major 

complications, did not show any statistically significant difference 

between the two groups (16.3% vs. 28.0%, p=0.270). Additionally, 

the rate of proximal junctional failure and proximal junctional ky-

phosis was not different between the two groups statistically. The 

SAI group had a significantly higher rate of distal screw fracture 

than the CI group (16.3% vs. 0%, p=0.042) (Fig. 1). The SAI group 

demonstrated a good result regarding SSI compared to the CI 

group (0% vs. 16%, p=0.016) (Table 5). 

Table 1. Fusion grading system
Grade Classification Anterior fusion criteria Posterolateral fusion criteria
I Definite fusion Fused with remodeling and trabeculae Solid trabeculated transverse process and facet fusions bilaterally
II Probable fusion Graft intact, not fully remodeled and incorporated 

through; no lucency
Thick fusion mass on one side; difficult to visualize on the other

III Probable nonunion Graft intact, but definite lucency at top or bottom Possible lucency or defect in the fusion mass
IV Definite nonunion Resorption of bone graft and collapse Definite resorption of graft with fatigue of instrumentation

Table 2. Patient demographics and surgical characteristics in SAI 
group and CI group

SAI group 
(n=43)

CI group 
(n=25) p-value

Age (year) 65.3±9.0 60.6±13.5 0.131
Male/Female 8/35 4/21 >0.999
BMI (kg/m) 24.0±3.6 23.4±2.7 0.491
Duration of follow-up (month) 35.6±12.5 35.2±14.2 0.986
No. of screw fixation levels (segment) 7.3±2.1 7.6±3.1 0.647
Smoking 4 (9.3%) 1 (4.0%) 0.643
Diabetes mellitus 8 (18.6%) 3 (12.0%) 0.518
Osteoporosis* 14 (32.6%) 8 (32.0%) 0.799
Previous spinal surgery 25 (58.1%) 15 (60.0%) 0.761
Surgical diagnosis 0.227
 Iatrogenic flat back 17 (39.5%) 10 (40.0%)
 Deformity 23 (53.5%) 10 (40.0%)
 Secondary acquired kyphosis 3 (7.0%) 5 (20.0%)

The data is presented as number (%) or mean±standard deviation. SAI: 
sacral alar iliac; CI: conventional iliac; BMI: body mass index.
*Bone mineral density < −2.5.
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3. Patterns of Distal Instrument Failure and Wound Com-
plications 
All of the distal instrument failures occurred in the SAI group ex-

cept one case of peri-screw halo formation in the CI group. Among 

Table 3. Radiographic parameters of sagittal alignment before and after surgery
Preoperative Postoperative Final follow-up

SAI group CI group p-value SAI group CI group p-value SAI group CI group p-value
SVA 101.0±58.4 111.1±84.1 0.657 35.2±45.7 31.3±42.3 0.775 66.0±44.5 65.0±46.3 0.941
PI-LL 44.7±18.7 46.5±28.0 0.772 10.4±12.8 15.1±11.4 0.217 20.7±15.3 20.9±12.6 0.957
LL 7.6±21.4 11.7±27.3 0.543 40.8±13.4 40.6±15.1 0.964 31.7±14.5 35.4±15.3 0.391
SS 20.6±11.5 23.2±13.1 0.464 30.6±11.5 30.6±10.6 0.993 26.5±9.8 29.2±9.5 0.333
PT 32.0±10.1 34.9±14.6 0.383 20.6±11.0 24.8±8.4 0.193 26.0±10.2 27.1±9.9 0.694
PI 52.3±14.0 58.2±13.6 0.145 51.2±13.5 55.7±13.9 0.279 52.4±13.3 56.3±14.1 0.321
TK 13.2±11.6 21.8±16.6 0.062 23.3±12.2 22.3±20.7 0.821 26.6±14.4 30.1±16.2 0.412
CL 17.0±11.4 19.9±16.5 0.513 13.4±10.4 12.85±16.4 0.868 18.8±12.2 15.2±15.5 0.344

The data is presented as mean±standard deviation.
SVA: sagittal vertical axis; PI: pelvic incidence; LL: lumbar lordosis; SS: sacral slope; PT: pelvic tilt; TK: thoracic kyphosis; CL: cervical lordosis; SAI: sacral alar 
iliac; CI: conventional iliac.

Table 4. Preoperative and postoperative VAS score and lumbosacral 
fusion status in SAI group and CI group

SAI group (n=43) CI group (n=25) p-value
Preoperative VAS 6.7±1.6 7.2±1.3 0.207†

Postoperative VAS 1.6±1.4 2.2±1.3 0.167†

Change in VAS 5±1.8* 5±1.5* 0.740†

L5-S1 fusion status 0.878†

 Grade I 19 (44.2%) 9 (36.0%)
 Grade II 20 (46.5%) 14 (56.0%)
 Grade III 4 (9.3%) 2 (8.0%)
 Grade IV 0 (0.0%) 0 (0.0%)

The data is presented as number (%) or mean±standard deviation. VAS: vi-
sual analog scale; SAI: sacral alar iliac; CI: conventional iliac.
*p<0.01 according to paired t-test between preoperative and postoperative 
values. †p-value according to compared between groups.

Table 5. Complication profiles of SAI group and CI group
SAI group 

(n=43)
CI group 
(n=25) p-value

Reopeartion 7 (16.3%) 7 (28.0%) 0.270
Proximal junctional failure 3 (7.0%) 1 (4.0%) >0.999
Proximal junctional kyphosis 17 (39.5%) 10 (40.0%) 0.969
Distal instrument failure 0.242
 Screw fracture 7 (16.3%) 0 (0%) 0.042*
 Halo formation 1 (2.3%) 1 (4.0%) >0.999
 Pullout 0 (0%) 0 (0%) >0.999
Rod fracture 8 (18.6%) 1 (4.0%) 0.139
Surgical site infection 0 (0%) 4 (16.0%) 0.016*
Wound dehiscence 0 (0%) 2 (8.0%) 0.132
Screw prominence 1 (2.3%) 2 (8.0%) 0.550

SAI: sacral alar iliac; CI: conventional iliac.
*Statistical significance, p<0.05.

Fig. 1. A 67-year-old female patient with lumbar degenerative 
kyphosis showed screw fracture of right S2 alar iliac screw at 14 
months after operation. The screw fracture occurred in the junc-
tion between the head and the neck of the screw.

eight patients with complications in the SAI group, seven patients 

experienced distal screw fractures. The screw fracture occurred 

in the junction between the head of the screw and the neck of 

the screw shaft in all patients. The duration of screw fracture was 

300±30 days (range, 5–29 months). Among these seven patients, 

pseudoarthrosis in the lumbosacral area was Grade I in two cases, 

Grade II in two cases, and Grade III in three cases. Inter-group 
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analyses between the distal screw fracture group and the non-distal 

screw fracture group were also performed. The rate of lumbosa-

cral pseudoarthrosis (Grades III, IV) was higher in the distal screw 

fracture group compared to the non-distal screw fracture group, 

but there was no statistical significance (28.6% vs 6.6%, p=0.112). 

The improvements of SVA, LL, PT, and PI-LL after surgery did not 

show statistically significant differences between the two groups. 

All screws used in spinopelvic screw fixation were poly-axial and 

had diameters ranging from 7.5 to 8.5mm, and their lengths ranged 

from 80 to 90mm. There was no statistically significant difference 

between the two groups. 

Regarding the two patients with wound dehiscence and the four 

patients with SSI in CI groups, the lumbosacral area was the main 

area for complications. One patient with wound dehiscence had 

a flap graft surgery performed by a plastic surgeon in the institute. 

Patients with SSI were initially treated with antibiotics including 

vancomycin and third-generation cephalosporin for several days. 

If antibiotic treatment was not working based on laboratory results, 

the wound was opened and irrigated with normal saline and beta-

dine-mixed saline. Gentamycin-mixed saline was added in one 

patient. 

DISCUSSION 

Sacropelvic fixation remains a challenging concept in spinal opera-

tion in spite of ongoing developments to improve distal fixation and 

maintain the stability of constructs in thoracolumbar operation. 

Sacropelvic fixation is used in spinal operations for the following 

two purposes: (1) to improve the correction of deformity especially 

in cases when the apex is located in the lumbar spine; and (2) to 

stabilize the lumbosacral junction to facilitate arthrodesis21). While 

various surgical instruments and methods have been developed, 

iliac screw fixation and SAI screw fixation have recently attracted 

attention. Sponseller et al.27) and Ishida et al.17)  reported that a bet-

ter pelvic obliquity correction could be achieved by using the SAI 

screw fixation technique without postoperative complications such 

as deep infections, vascular or neurologic complications, anchor 

migration, implant prominence, skin breakdown, medial pelvic 

wall violation, or screw pullout. The stability and safety of SAI screw 

fixation are supported by previous research studies that assessed 

biomechanical and clinical outcomes12,17,25,27). Similar results were 

observed in the current study’s results. The rate of SSI was signifi-

cantly lower in the SAI group than in the CI group. Additionally, 

both groups showed appropriate lumbosacral fusion rates, and 

pseudoarthrosis and proximal junctional kyphosis and failure were 

not statistically significantly different between the two groups. 

The rate of SSI was previously reported to be lower in the SAI 

screw fixation than the CI screw fixation according to several me-

ta-analyses12,16,19). It is explained because an additional dissection 

of the posterior superior iliac spine is required to insert a CI screw. 

Likewise, the rate of SSI was significantly lower in the SAI group in 

this study, and the rates of wound dehiscence, screw prominence, 

and reoperation were lower in the SAI group although they were 

not statistically significant. Screw prominence, as well as additional 

soft tissue dissections for CI screw entry point, is believed to be one 

of the causes of SSI8). It is presumed that screw prominence puts 

abnormal pressure on the dissected tissue between the skin and 

the screw head and inhibits wound healing which can lead to in-

fection. 

Some results in this study were different than the findings of 

previous studies. For instance, the rate of distal screw fracture was 

higher in the SAI group with a statistically significant difference 

compared to the CI group. These results are difficult to explain 

based on the results of previous biomechanical studies in which 

SAI screw fixation provided superior pullout strengths23) and re-

duced the lumbar (L1–L5) and lumbosacral (L5-S1) ranges of mo-

tion compared to CI screw fixation1). O’Brien et al.25) reported that 

biomechanical strength between SAI screws with two lengths (65 

and 80mm) and 90-mm iliac screws was equivalent in seven hu-

man cadavers. Only one study27) reported an asymptomatic fracture 

of the neck with a 7-mm SAI screw at the two-year follow-up. The 

authors explained that the SI joints are amphiarthrodial, and that 

fractures of SAI screws can-occur in the long term. Zhu et al.30) rec-

ommended that an abundant bone graft should be applied to the 

SI joint area to avoid this phenomenon. Based on those findings, 

the authors assumed that distal screw fracture could occur more 

frequently in the SAI group than in the CI group. Therefore, when 

using the SAI screw, they recently performed intensive bone graft-

ing on the lumbosacroiliac area. All distal screw fractures occurred 

in six months (ranges, 6–16 months) after surgery, and some de-

gree of spinal fusion had already progressed, which did not directly 

affect the VAS score and lumbosacral fusion rates. However, this fa-

tiguetype implant fracture, due to the motion of the SI joint, needs 

future study to more precisely understand the phenomenon. 

All screw fractures occurred at the specific site between the head 

of the screw and the neck of the screw shaft in the SAI group. In the 

case of SAI screw fixation, the acute angle develops between the 

screw head and the shaft of the screw. The head-shaft angulation of 

the screw increases the stress on the screw head and leads to screw 

fracture between the head and the shaft neck9). Also, according to 

the finite element model analysis14), the stress increased around the 

screw head when the rod and the SAI screw were angled 30 degrees 

compared to perpendicular. To prevent this problem, the use of 

mono-axial screws or larger diameter screws can be considered9,14). 

Rod fractures were more common in the SAI group, but there 

was no statistically significant difference between the two groups. 

Rod fractures occurred in three cases at L3/4, three cases at L4/5, 

and two cases at L5/S1 in the SAI group and one case at L4/5 in the 
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CI group. A previous study using the biomechanical finite element 

model reported that fusion of the SI joint increased the motion of 

the lumbosacral (L5-S1) segment, and explained that rigid fixation 

of a motion segment resulted in increased stress on the adjacent 

segments22). Likewise, in the SAI group of this study, it is assumed 

that the fusion of SI joint creates motion stresses on the lumbosa-

cral segment and consequently leads to rod fractures. On the other 

hand, two-rod constructs are known to have less stiffness than 

multiple-rod constructs, which is related to rod fractures10,15). In 

this study, two-rod constructs were 12 and multiple-rod constructs 

were 13 in the CI group and 34 and nine in the SAI group, respec-

tively. The authors suggest that the risk of rod fracture would be in-

creased because of the rigid fixation of the SI joint and the high rate 

of two-rod constructs in the SAI group. 

The causes of reoperation involved three cases of proximal junc-

tional failure, three cases of rod fracture, and one case of screw 

prominence in the SAI group and one case of proximal junctional 

failure, one case of rod fracture, two cases of pseudoarthrosis, one 

case of screw reposition, and two cases of wound problems in the 

CI group. In the CI group, postoperative antibiotics were used for 

a long time due to wound problems, and the patients had to stay 

in the hospital and eventually went through reoperation. In this 

study, there was no statistically significant difference in reoperation 

rate between the two groups. However, as in other studies, the SAI 

group showed a lower rate of reoperation and proper fusion rate 

compared to the CI group. 

This study had several limitations. The main limitation was that 

the authors selected the patient’s operative method according to 

the propensity of the surgeon. Other limitations apply to this study 

as well, such as its single-center, retrospective nature and the rel-

atively small sample size. As such, the results of this study warrant 

the need for larger prospective, multicenter studies to further ex-

trapolate findings to future patient care involving complex sacro-

pelvic fixation. 

CONCLUSION 

The SAI group and the CI group achieved pain relief and functional 

recovery. The SAI screw fixation technique was relatively uncom-

plicated and resulted in good outcomes compared to the CI screw 

fixation in the rates of reoperation, SSI, wound dehiscence, and 

symptomatic screw prominence, whereas the rates of lumbosacral 

pseudoarthrosis and proximal junctional kyphosis and failure were 

similar in both groups. However, distal screw fracture was more 

likely to be observed with the SAI screw fixation technique, so pro-

spective and biomechanical studies of the SAI and CI screw fixation 

techniques are needed. 
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INTRODUCTION 

Lumbar disc herniation, which causes low back pain and radiating 

pain in the lower extremities, is a common disease in 20% to 30% 

of the population6). Since Mixter and Barr8) introduced surgical 

treatment for lumbar disc herniation in 1934, discectomy has been 

performed as a standard treatment for this disease. However, it 

has been reported that the lumbar disc herniation-induced low 

back pain and radiating pain in the lower extremities improves 

Objective: The main purpose of this study was to evaluate the clinical and radiologic factors 
of disc height loss in spontaneous resolution of herniated lumbar disc patients. 
Methods: From January 2017 to December 2018, a total of 56 symptomatic herniated lumbar 
disc patients (36 men and 20 women) were investigated retrospectively in this study. Clinical 
findings including age, sex, pain, and smoking history were examined in each group (group A, 
patients with not-changed disc heights; group B, patients with decreased disc heights). Radio-
logically, the level, severity, laterality, modic change, and disc degeneration of lumbar disc her-
niation were investigated between groups. We compared demographic and radiologic findings 
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spontaneously without surgical treatment. In 1984, Guinto et al.2) 

reported for the first time that the herniated intervertebral disc dis-

appeared spontaneously through computed tomography imaging. 

Following this, numerous cases of spontaneous recovery have been 

published. This has been the basis for conducting conservative 

treatment for lumbar disc herniation10). Disc space height was de-

creased after discectomy due to surgical reduction of disc material, 

which has been widely known. But, few studies have assessed 

changes in disc height in patients who are treated conservatively. 
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In this study, we retrospectively analyzed patients whose herniat-

ed lumbar disc disappeared spontaneously after conservative treat-

ment and assessed the change in disc space height. The main pur-

pose of this study was to evaluate the clinical and radiologic factors 

of disc height loss in spontaneous resolution of herniated lumbar 

disc patients. Demographic, clinical, and radiologic findings such 

as the level, status, severity, Modic change, and disc degeneration 

of lumbar disc herniation were assessed. 

MATERIALS AND METHODS 

1. Patients 
We retrospectively analyzed 56 symptomatic herniated lumbar disc 

patients from 226 patients diagnosed with an acute symptomatic 

herniated lumbar disc from January 2017 to December 2018 in our 

department. Fifty-six patients (36 men and 20 women) were retro-

spectively chosen for this study. Patients selection criteria includ-

ed: (1) <50 years of age with buttocks and leg pain concomitantly 

associated with a herniated lumbar disc; (2) one level of herniated 

lumbar disc (protrusion, extrusion, and sequestration) diagnosed 

on lumbar magnetic resonance (MR) imaging(MRI); (3) conser-

vative treatment choice (medication and physical therapy) after 

medical explanation; and (4) regular hospital visits for 2 years with 

lumbar MRI during follow up after initial MRI. The exclusion crite-

ria were as follows (1) spine trauma history; (2) history of cancer; 

(3) previous lumbar surgery; and (4) a change in treatment options, 

such as interventional block and surgery. Disc heights (initial and 

last follow-up MRI) were measured at T2 sagittal MR using modi-

fied method from Farfan4) (Fig. 1). For evaluation of disc endplates 

and disc degeneration, Modic changes and Pfirrmann grading was 

used, respectively5) (Table 1, 2). 

We analyzed and organized two patient groups according to the 

difference between initial and last measured disc height. Group 

A included a patient with no or <2mm disc height (Hereinafter 

referred to as not-changed disc height group). Group B included 

patients with ≥2 mm decrease in disc height (Hereinafter referred 

to as decreased disc height group). 

Lumbar MRI was performed twice during this study with a 3.0 

Tesla imager (Philips Medical Systems, Best, Netherlands) from T10 

to S5. The MR protocol was adjusted by a radiologist. All images 

were uploaded to the in-hospital picture archive and communica-

tion system(PACS; Infinitt PACS, invented by Infinitt Co., Seoul, Ko-

rea) and reviewed using the workstation-base unit (Hewlett-Pack-

ard Co., Palo Alto, CA, USA). All 112 MR images of 56 patients were 

Fig. 1. Measurement of the intervertebral disc height according to 
the modified Farfan method. Disc height=(H1+H2+h1+h2)/4. Ⓐ: 
Anteroinferior corner of the superior vertebra, Ⓑ posteroinferior 
corner of the superior vertebra; Ⓒ anterosuperior corner of the 
inferior vertebra, Ⓓ posterosuperior corner of the inferior vertebra. 
Adapted from reference 4.

Table 1. Endplate changes using Modic classification
Type T1-weighted images T2-weighted images Description
I Low signal High signal Edema and inflammation of bone marrow
II High signal high signal Marrow ischemia; yellow fatty marrow; transformation
III Low signal Low signal Sclerosis over subchondral bony area

Table 2. Disc degeneration classification using Pfirrmann grading

Grade Structure Distinction nucleus 
and annulus Signal intensity Height of intervertebral disc

I Homogenous, bright white Clear Hyperintense, isointense to cerebrospinal fluid Normal
II In homogenous with or without 

horizontal bands
Clear Hyperintense, isointense to cerebrospinal fluid Normal

III Inhomogenous, gray Unclear Intermediate Normal to slightly decreased
IV Inhomogenous, gray to black Lost Intermediate to hypointense Normal to moderately decreased
V Inhomogenous, black Lost Hypointense Collapsed disc space
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reviewed independently by two experts (one neurosurgeon and 

one radiologist) who had not been given any information about the 

subjects. Lumbar vertebrae were counted from S1. The status of 

disc herniation was defined as below: Protrusion of disc herniation 

is focal herniation which has a broader base than the body, while 

extrusion has a narrower base than the body. When there is already 

continuity loss with the disc itself, it is called disc sequestration. 

2. Analysis 
Clinical characteristics, including age, sex, smoking history and 

visual analog scale (VAS; 10 points for back and leg) score were 

examined in each group. Radiologically, the level, status, laterality 

of lumbar disc herniation, Modic change, and disc degeneration 

grade were investigated between groups. Clinical and radiologic 

factors were compared to determine those that caused height dif-

ferences between groups (Table 3). 

The clinical and radiologic analysis was performed using the 

SPSS statistical package version 22.0 software (IBM Corp., Armonk, 

NY, USA) using an independent samples t-test and χ2 test. Statisti-

cal significance was measured to be when the p-value was less than 

0.05. The study was approved by the Institutional Review Board 

(IRB) of the Ewha Womans Mokdong Hospital Bioethics Commit-

tee (IRB No. 2020-06-16-0017). 

RESULTS 

Patients ages ranged from 18 to 49 years (mean, 32.4±11.3 years in 

group A, 35.8±13.3 in group B) (Table 3). The total group mean age 

was 38.4 years and the male to female ratio was 1.8:1 (36 males and 

20 females). The initial VAS scores in group A and B were 4.8 and 

4.7 points, respectively. The VAS scores at the time of last follow-up 

were 2.4 and 2.3 points in group A and B. There were no significant 

differences in age, sex ratio, smoking ratio, and VAS scores between 

groups. 

The mean differences (initial disc height-last disc height) were 

0.88±0.75mm and 2.16±0.64 in group A and B, respectively, which 

was significant (p=0.021). However, patients were divided into two 

groups according to disc height differences (Table 3). Initial mean 

disc heights were 12.15±0.15mm and 12.48±0.35 in group A and 

B, respectively, which were not different between the two groups 

in disc height at the initial diagnosis. The last mean of disc heights 

was 11.89±0.41mm in group A and 10.23±0.82 in group B. The ini-

tial disc height was no difference between the two groups, but the 

last disc height of group B was less than group A (Table 3). 

Level of disc herniation was observed in group A: 5 cases in L3/4, 

17 in L4/5, and 8 in L5/S1 and in group B: 4 cases in L3/4, 21 in 

L4/5, and 7 in L5/S1. In both groups, disc herniation was the most 

common in L4/5, followed by L5/S1 and L3/4. Status of disc herni-

ation revealed, there were 14 cases protrusion, 7 extrusion, and 9 

sequestration in group A. There were 5 cases protrusion, 10 extru-

sion, and 11 sequestration in group B. There were more protrusion 

cases (14/30) in group A than group B. In contrast, extrusion and 

sequestration were more common in group B (10/26 and 11/26 

cases, respectively. The ratio of laterality of disc herniation (left: 

right) were 13:17 and 14:12 in group A and B, respectively. There 

were no significant statistical differences in level of disc herniation 

and laterality of disc herniation between groups (Table 3). 

About Modic change, group A had more normal cases than 

group B: 24 cases (80%) in the not-changed disc height group, 13 

cases (50%) in decreased disc height group. According to disc de-

generation classification, all cases of not-changed disc height group 

belonged to both grade 1 and grade 2, and all cases of decreased 

Table 3. Demographical and radiologic data of herniated lumbar 
disc patients

Group A‡ 
(n=30)

Group B§ 

(n=26) p-value

Sex (Male:Female) 18:12 18:8
Mean age 32.4±11.3 35.8±13.3 0.072
Smoking 14 (46.7%) 12 (46.2%)
VAS (back pain)†

 Initial 4.8 4.7 0.452
 Follow-up 2.4 2.3 0.448
Disc height
 Initial 12.15±0.15 12.48±0.35 0.132
 Follow-up 11.89±0.41 10.23±0.82 0.034*
 Difference (initial – follow-up) 0.88±0.75 2.16±0.64 0.021*
Modic change
 Normal 24 (80.0%) 13 (50.0%) 0.025*
 Grade 1 3 (10.0%) 8 (30.8%) 0.091
 Grade 2 2 (6.67%) 4 (15.4%) 0.083
 Grade 3 1 (3.33%) 1 (3.85%) 0.082
Disc degeneration classification
 Grade 1 14 (46.7%) 0 (0.0%)
 Grade 2 16 (53.3%) 0 (0.0%)
 Grade 3 0 (0.0%) 8 (30.8%)
 Grade 4 0 (0.0%) 18 (69.2%)
 Grade 5 0 (0.0%) 0 (0.0%)
Level of disc herniation
 L3/4 5 (16.7%) 4 (15.4%) 0.167
 L4/5 17 (56.7%) 21 (80.8%) 0.075
 L5/S1 8 (26.7%) 7 (26.9%) 0.132
Status of disc herniation
 Protrusion 14 (46.7%) 5 (19.2%) 0.036*
 Extrusion 7 (23.3%) 10 (38.5%) 0.082
 Sequestration 9 (30.0%) 11 (42.3%) 0.175
Laterality of disc herniation
 Left:Right 13:17 14:12

The data is presented as number (%) or mean±standard deviation. 
VAS: visual analog scale.
*p<0.05. †VAS (10 points). ‡Group A: patients with not-changed disc height. 
§Group B: patients with decreased disc heights.
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disc height group belonged to grade 3, 4, and 5. 

DISCUSSION 

Lumbar disc herniation has been known to occur predominantly in 

L3/4, L4/5, and L5/S1 and can be further classified into protrusion, 

extrusion, and sequestration. Disc protrusion was demarcated as a 

focal or asymmetric extension of the disc beyond the vertebral bor-

der, with the protruded origin wider than any other aspect of the 

protrusion. Extrusion was defined as a more extreme extension of 

the disc beyond the vertebral border, with the base against the disc 

of origin slenderer than the diameter of the extruding material and 

a connection between the material and the disc of origin. Seques-

tration was defined as a free disc fragment that was distinct from 

the origin disc. 

In this study, we divided patients treated conservatively into two 

groups according to their change in disc heights (Fig. 2). 

It was observed that the decreased disc height patients group 

had more extrusion and sequestration cases than not-changed disc 

height patients group (Table 3). These results suggested two things: 

first, by morphology of disc herniation, extrusion and sequestration 

are expected to have more herniated disc when compared with 

protrusion. Secondly, extrusion and sequestration are likely to have 

a ruptured posterior longitudinal ligament (PLL) compared with 

protrusion. In general, it can be said that the higher the amount 

of herniation and the more the PLL supporting posterior aspect of 

disc ruptures, the higher the possibility that the disc height will be 

lowered later. 

Several pathophysiological mechanisms have been reported for 

the natural regression of the herniated intervertebral disc; however, 

the exact mechanism has not been elucidated7). Three hypotheses 

have been proposed in the literature. First, the prolapsed interverte-

bral disc returns to the intervertebral disc space by a healthy PLL13). 

Second, the size of the intervertebral disc is reduced and resolved 

by gradual dehydration and contraction, Third, the herniated in-

tervertebral disc causes immunologic, biochemical responses and 

neovascularization, which results in phagocytosis and enzymatic 

degradation of cartilage tissue12,13). Among them, the most recently 

noted hypothesis of spontaneous resolution is that intervertebral 

disc tissue is absorbed by immune responses and neovasculariza-

tion, which be inferred from the rim enhancement of end plate of 

disc space on the Gadolinium-enhanced MRI in patients with a 

lumbar herniated disc3,13).  

In this study, decreased disc height patients group had more 

Modic change and disc degeneration than not-changed disc height 

patients group (Table 3). This suggested that more degenerative 

changes cause disc height to decrease later. 

Surgical treatment is considered when there is persistent pain 

or neurological symptoms despite the proper period of conserva-

tive treatment. Surgery creates a dramatic recovery of symptoms 

in lumbar intervertebral disc herniation; however, the incidence 

of recurrence or complications after surgery is reported to be 5% 

to 10%1). Additionally, there have been reports that removal of a 

protruded lumbar intervertebral disc may accelerate degenerative 

changes in the intervertebral disc and end plates, resulting in a 

loss of disc space height, Modic change, and post-discectomy back 

pain1). 

In this study, spontaneously resolved disc herniation without 

discectomy showed a decrease in disc height at long-term fol-

low-up MRI. Conservative treatment is an effective treatment for 

herniated lumbar disc; however, it is necessary to recognize lumbar 

intervertebral disc herniation as a risk factor that can cause the 

loss of intervertebral disc height along with disc degeneration and 

Modic changes5,9,11). 

There were no differences in back pain between not-changed 

disc height patients and decreased disc height patients. To date, the 

relationship between disc height reduction or disc degeneration 

and back pain remains unclear5,11). In addition to discussing with 

patients the options of conservative treatment for herniated lum-

bar disc, it is necessary to explain that herniated lumbar disc itself 

can cause a decrease in disc height and chronic back pain due to 

degenerative changes in the intervertebral disc. 

Fig. 2. A 32-year-old man with symptomatic lumbar disc her-
niation. He suffered from mild back pain and left leg pain for 3 
weeeks. Magnetic resonance (MR) findings. (A) Initial MR imag-
ing (MRI), showing a large area of disc extrusion at the L4/5 disc 
space. (B) MRI taken 1 year after the initial MRI, showing spon-
taneous regression of the herniated lumbar disc and loss of disc 
height.
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Further research is required on the factors that are associated 

with degenerative changes in lumbar intervertebral disc herniation. 

This study has some limitations. The main disadvantage is the 

retrospective nature. We organized the patient groups and selected 

patients into groups, which creates a bias. Additionally, the num-

ber of patients in this study was small and the follow-up periods 

were relatively short to obtain significant conclusions. Therefore, 

further research with larger patient populations is required to fully 

elucidate the underlying mechanisms and assess radiological and 

clinical evaluations. 

CONCLUSION 

In conservative treatment option for symptomatic lumbar disc her-

niation, a decrease of disc height may occur later and it would be 

more at the cases of extrusion and sequestration type herniation. 

This disc height decrease after lumbar disc herniation without sur-

gical removal of disc may be due to disc degeneration and disc her-

niation itself. It is necessary to explain to patients who are treated 

conservatively that disc height may be reduced later. 
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INTRODUCTION 

Multiple sclerosis (MS) is the most common demyelinating disease 

in the central nervous system(CNS). It often involves the spinal 

cord with 74% to 95% in established MS11). Although the prevalence 

Objective: Both spinal multiple sclerosis (SMS) and spinal intramedullary astrocytoma (SIA) 
are rare space-occupying lesions in the spinal cord and clinically show various myelopathy 
symptoms. Both clinical and imaging findings are similar and are easily misdiagnosed. This 
study is to clarify clinical and radiographic finding that could be helpful to differentiate SMS 
from SIA. 
Methods: We compared the demographic, clinical, and radiographic characteristics between 
the SIA and SMS groups. The SIA group (n=13) was diagnosed postoperatively with pathologic 
confirmation, and the SMS group (n=25) was composed of patients who have a lesion in the 
spinal cord and met the McDonald criteria for the diagnosis of multiple sclerosis (criteria re-
vised in 2010). 
Results: Clinically, patients with SIA had a significantly longer symptom duration before the 
first visit than SMS (4.9±4.4 vs. 2.1±3.6 months, p=0.008). All persons with SIA showed pro-
gressive disease course, whereas 95.8% of persons with SMS showed remission (p<0.001). In 
contrast to SMS, the involvement of both halves of the spinal cord was more frequently ob-
served in patients with SIA (p<0.001). In addition, fusiform dilation in the sagittal plane 
(p<0.001) or tumoral cyst (p=0.001) also significantly suggested SIA rather than SMS. 
Conclusion: Despite many limitations of this study, the present data demonstrated the clinical 
and imaging features helpful in distinguishing SIA from SMS. As with most tumors, SIA tends 
to show a slowly progressive clinical course without remission. Occupation of both halves of 
the spinal cord, fusiform dilation, or cysts was favoring radiographic factor for the SIA. 

Keywords: Astrocytoma; Diagnosis; differential; Multiple sclerosis; Spinal cord; Spine  

Differentiation between Spinal Intramedullary Astrocytoma 
and Spinal Multiple Sclerosis Using Clinical and Radiologic 
Factors
Hyeongyu Jang1, Moo Sung Kang2

1Department of Neurosurgery, International St. Mary’s Hospital, Catholic Kwandong University College of Medicine, Incheon, Republic of Korea
2Department of Neurosurgery, Barun Neurosugery Clinic, Goyang, Republic of Korea

Clinical Article
The Nerve 2021;7(2):83-88

https://doi.org/10.21129/nerve.2021.7.2.83
eISSN 2465-891X

Received: March 15, 2021
Revised: August 13, 2021
Accepted: August 18, 2021

Corresponding author: 
Moo Sung Kang 
Department of Neurosurgery, Barun 
Neurosugery Clinic, Pastel City 3F, 893, 
Gwonyul-daero, Deogyang-gu, Goyang-
si, Gyeonggi-do, Republic of Korea
Tel: +82-2-381-7275 
Fax: +82-2-381-5275 
E-mail: gtrkd@naver.com

of spinal cord abnormality is lower in clinically isolated syndromes, 

30% to 40% of these patients also had asymptomatic lesions. An 

acute demyelinating event is often represented on magnetic reso-

nance imaging(MRI) by solitary or multifocal hyperintensities on 

T2-weighted images (T2-WI) with a variable pattern of enhance-
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ment, challenging the distinction of demyelination from intra-

medullary neoplasms. Differentiation of these two diseases is of 

great importance in selecting treatment modalities and predicting 

the patient’s prognosis. Although numerous reports have been 

described the suggestive MRI findings of each disease, a compara-

tive radiological study between these two diseases has rarely been 

accomplished or has only provided an obscure description. There-

fore, in many cases, the differentiation of MS from intramedullary 

glioma without biopsy has been made without confidence due to 

similarities in imaging features. This study compares the clinical 

presentation and radiographic features between MS and intramed-

ullary astrocytoma in the spinal cord. 

MATERIALS AND METHODS 

The Institutional Review Board approved this study. This study is a 

retrospective design that does not involve an intervention, and the 

patient’s written consent was waived. 

1. Patients 
Between January 2004 and December 2013, spinal intramedullary 

astrocytoma (SIA) patients were identified based on surgical re-

cords and pathologic results in our institutional data set. The spinal 

MS (SMS) patient group was searched for “multiple sclerosis” as 

the inpatient and outpatient records diagnosis. The patients who 

have one or more lesions in the spinal cord and meet the McDon-

ald criteria for MS were included. McDonald Criteria was used 

with the version revised in 201014). Patients who are positive for 

neuromyelitis optica antibody or acute viral markers like IgM for 

herpes simplex virus were excluded. Patients who have a history of 

autoimmune diseases like systemic lupus erythematosus were also 

excluded. 

2. Radiographic Features 
Two neurosurgeons (MSK, HJ) evaluated the MRI images on a 

picture archiving and communication system workstation monitor 

concerning longitudinal and axial locations, size of the lesion on 

T2-WI, portion and pattern of enhancement, fusiform dilatation, 

and the presence of syringomyelia, tumoral cyst, or hemorrhage. 

The lesion’s longitudinal location was assessed by the dominant 

portion of involvement among the cervical, thoracic, and lumbar 

regions. Axial location was classified as the involvement of a single 

half or both halves of the spinal cord. The size of the lesion was 

measured in the number of vertebral segments involved in T2-WI. 

The enhancing portion was classified as non-enhanced, focal, and 

diffuse. It was evaluated as diffuse if the lesion’s enhancing compo-

nent was 50% larger than the entire high intensity on T2-WI, focal 

if smaller than 50%, or none. The pattern of contrast enhancement 

was classified into four patterns: solid, if the contour of the enhanc-

ing component is clear: patchy, if the contour is vague, or unclear: 

the rim, if only the marginal area is enhanced: or punctate if the en-

hancing pattern was dot-like. Fusiform dilatation was determined 

by whether the thickness of the cord was significantly increased 

compared with the peripheral area in the sagittal plane. Syringo-

myelia was defined as cystic dilatation of the central portion of the 

spinal cord without any enhancement. If a cyst was seen in the 

solid portion of the lesion, whether it appears centrally or peripher-

ally, it was regarded as a tumoural cyst. A rim of extreme low signal 

intensity was seen at the tumor’s proximal or distal pole on T2-WI, 

suggesting haemosiderin deposits; it was defined as hemorrhage. 

3. Demographic and Clinical Features 
Demographic (sex and age) and clinical information were collected 

for all participants from patient records. Pathological findings in 

patients who underwent surgery were also reviewed. The clinical 

course and final diagnosis for each participant were investigated. 

Clinical features of neurological deficits (motor, sensory, pain, au-

tonomic, visual symptoms) were also investigated. 

4. Statistical Analysis 
All analyses were performed with SPSS version 20.0 (IBM Corp., 

Armonk, NY, USA). Demographic data of SIA and SMS groups were 

assessed by Fisher’s exact test, student t-test, and the preoperative 

results and clinical data were assessed by the Mann-Whitney test. 

All p-values less than 0.05 were considered statistically significant. 

RESULTS 

1. Clinical Features 
In SIA, 13 lesions were identified in 13 patients, and SMS was rec-

ognized in 31 lesions in 25 patients. 

SIA group had seven low-grade and six high-grade astrocytomas. 

Table 1 compares the clinical features. The mean age was 34.9±15.7 

years in SIA patients and 42.1±15.4 years in SMS patients. There was 

no significant difference in sex ratio. Compared with the time inter-

val from the onset of the symptoms to visit the clinic, the SIA group 

showed a significantly longer duration (4.9±4.4 vs. 2.1±3.6months, 

p=0.008). The clinical course also showed a significant difference 

between the two groups. In the SIA group, all patients showed a 

progressive course, whereas only one patient in the SMS group 

showed a primary progressive pattern (p<0.001). Seven patients of 

the SMS group had a clinically isolated syndrome and remained 

clinically stable. Seventeen patients had a relapsing-remitting pat-

tern but showed partial recovery during the deterioration period. 

The most common symptom was a weakness of the extremities, 

followed by sensory change and axial pain. There was no difference 

in the ratio of the clinical symptoms in both groups (Fig. 1). 
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2. Radiographic Features 
Table 2 compares the radiographic features. In the SIA group, the 

incidence of infiltration of both halves of the spinal cord in the axial 

plane was 100%, but only 40% in the SMS group had both infiltra-

tions (p<0.001). Besides, all SIA patients showed fusiform dilatation 

of the spinal cord in the sagittal plane, which occurred in only 

45.2% of the SMS patients (p<0.001). The tumoral cyst was not ob-

served in persons with SMS, but it was identified in 5 cases among 

13 persons with SIA(p=0.001). There was no difference in the loca-

tion or the length of the lesion, portion or pattern of enhancement, 

presence of syrinx, or hemorrhage. 

DISCUSSION 

SMS is an immune-mediated, demyelinating disease of the CNS, 

and it is usually called a tumefactive lesion because it imitates a 

spinal cord tumor, including SIA. Despite the development of MRI, 

there are no established criteria to discriminate the two disease en-

tities preoperatively. Clinically, both diseases were reported to have 

similar symptoms, a nonspecific combination of neurologic deficits 

like quadri- or para-paresis, sensory disturbance, and autonomic 

symptoms1,5). 

However, there were two different clinical features in disease 

progression between the two groups. First, while most SMS groups 

showed a period of symptom resolution after a clinical attack, all 

SIA persons showed continuous progression. MS is divided into 

four categories as described below; Relapsing-remitting, primary 

progressive, secondary progressive, progressive-relapsing type. The 

relapsing-remitting type, which has a flare-up period of symptom 

followed by a recovery time, is most common, affecting 85% to 90% 

of MS5). Although the course of SMS is highly variable, 95.8% of 

SMS patients in this series experienced a temporary symptomatic 

Fig. 1. Comparing spinal intramedullary astrocytoma (SIA) and 
spinal multiple sclerosis (SMS) symptoms, there was no significant 
difference in symptom ratios between the 2 groups.

Table 1. Comparison of the clinical factors of the groups
Variables Spinal intramedullary astrocytoma Spinal multiple sclerosis p-value
Patients 13 25
Lesions 13 31
Age (years) 34.9±15.7 42.1±15.4 0.183
Sex (male:female) 8 : 5 8 : 17 0.098
Symptom duration to visit (months) 4.9±4.4 2.1±3.6 0.008*
Clinical course Progressive, non-remitting 100% Non-remitting 3.2% <0.001*

The data is presented as mean±standard deviation or number.
*The difference between the values of both groups was statistically significant.

Table 2. Comparison of the radiographic factors of the groups
Variables Spinal intramedullary astrocytoma Spinal multiple sclerosis p-value
Location (cervical : thoracic : conus) 8 : 4 : 1 17 : 12 : 2 0.879
Involved segment (vertebral body) 3.0±1.4 3.0±1.9 0.461
Infiltration of both halves of the spinal cord in axial plane 13 (100.0%) 12 (38.7%) <0.000*
Fusiform dilatation 13 (100.0%) 14 (45.2%) <0.000*
Portion of enhancement (non : focal : diffuse) 2 : 3 : 8 5 : 13 : 6 0.104
Pattern of Enhancement (patchy : rim : solid : punctate) 7 : 2 : 2 : 2 10 : 3 : 6 : 5 0.857
Syringomyelia 2 (15.4%) 1 (3.2%) 0.204
Tumoural cyst 5 (38.5% ) 0 (0%) 0.001*
Hemorrhage 3 (23.1%) 1 (3.2%) 0.071

*The difference between the values of both groups was statistically significant.
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improvement after the first attack1,10,12). On the contrary, SIA may 

have an expansile characteristic so that the spinal cord is gradually 

pressed to show clinical deterioration2). Brinar et al.4) analyzed five 

patients and reported a similar pattern. 

Second, persons with SIA took a relatively long time to visit the 

hospital after symptoms. The progress of SIA is mainly known to 

be slow, especially in low-grade tumors. It takes a significantly 

longer time for the low-grade tumor to be diagnosed after the on-

set of symptoms than in the high-grade17,18). Thus, even if a tumor 

develops, it takes a relatively long time for subsequent symptoms 

to occur1,13). While SIA gradually progresses to develop symptoms 

over the years2), clinical features that suggest demyelination have 

an acute or subacute onset over days to weeks, within average four 

to seven weeks5,10). 

The spinal cord is a small, pulsating structure that adds technical 

difficulties to MRI. The low relevance of MRI findings to clinical 

symptoms is also a source of distress11). Moreover, there is no large-

scale study on the susceptibility score because the incidence is very 

low compared with brain lesions. These diseases may also have a 

heterogeneous appearance due to clinical course or phase21). While 

there appears to be no unique radiologic difference SIA and SMS, 

some image findings can be used as a discriminatory reference. 

Involving both halves of the spinal cord in the axial plane was 

significantly lower in the SMS group. Eckstein commented in their 

differential CNS demyelination strategy from MS that SMS often 

involves only a partial cross-sectional area of the spinal cord with 

less than two vertebral bodies7). Brinar et al.4) suggested that MRI 

of SMS is featured by small, well-circumscribed, asymmetrically 

involving, focal T2-hyperintensity lesions as a differential approach 

to spinal cord enlargement. Tartaglino et al.20) analyzed 124 demy-

elinating plaques in sixty-eight patients and reported 81 percent of 

lesions occupied less than half of the cord’s cross-sectional area. 

In contrast, most astrocytomas were usually located in the central 

portion or involved the entire cord6,19). Because astrocytoma is pre-

dominantly involved in the central and dorsal portion of the entire 

cord, the surgical technique description recommends a common 

approach through the dorsal median sulcus9). 

Fusiform dilatation helps in differentiating between SMS and 

SIA. Spinal cord enlargement is rarely seen in non-neoplastic le-

sions8,18). Abd-El-Barr et al.1) emphasized in their review of SIA that 

infiltrating astrocytomas often appear expansile, hypo-to iso-in-

tense on T1, and hyperintense on T2. If the lesion shows mass 

effect or cord expansion, it is recommended that SIA be raised as 

a differential diagnosis4,6,15,19). In the illustrative cases, the fusiform 

dilatation filling the entire spinal canal was observed in persons 

with SIA, and the lesion involved both halves. In contrast, the SMS 

had four vertebral bodies but relatively more minor fusiform dil-

atation, and only the left eccentric location was shown in an axial 

plane (Fig. 2, 3). 

Cysts are present in 25% to 40% of spinal cord neoplasms6,15). 

The presence of a cyst can be interpreted as suggesting that the 

possibility of SMS is low. In particular, astrocytomas demonstrate 

tumor cysts more frequently than other intramedullary tumors16). 

In our study, no cyst was observed in the SMS group, consistent 

with previous literature. However, a comprehensive judgment is re-

quired because there is a rare case report that cyst is accompanied 

by SMS3), and it may appear indistinguishable from solid tumors 

on T2-WI as a consequence of the high protein content of the cyst 

fluid. 

Contrast-enhanced images help the differential diagnosis15,20), 

but this study did not show any difference between the two groups. 

Syringomyelia or hemorrhage also did not show significant differ-

ences. Based on the above two clinical and three radiologic charac-

teristics, the differential diagnosis prediction model showed high 

sensitivity and specificity. While it is difficult to accept the accuracy 

of the prediction model because of a relatively small number of 

subjects, it is reasonable to give meaning to the clinical and radio-

graphic factors mentioned above. 

In addition to the retrospective study design, this study has 

several other limitations. First, this study analyzes a small num-

ber of patients, including the 13 SIAs and 25 SMS patients, and 

consequently, it is not free from selection bias. Second, although 

astrocytoma’s clinical course differs between low-grade and high-

grade, the incidence of spinal cord lesions is very low, so in this 

study, the two diseases were classified into one group. Third, this 

study has heterogeneity by including both 1.5 Tesla (T) and 3T MRI 

and advanced MRI techniques, which have higher sensitivity, such 

as diffusion-weighted imaging and diffusion tensor imaging were 

not included. In T2-WI, the probability of finding a cord lesion was 

reduced due to pulsation artifact, and spinal cord lesions usually 

do not show low intensity on T1 images due to the spinal cord’s 

dense organization1). However, it is inevitable because of the rare 

incidence of both diseases. Nevertheless, the existing researches on 

this subject were sparse, so that the clinical meaning of this study 

can be adequately strengthened. 

CONCLUSION 

In this study, clinical features and imaging characteristics were 

compared through a series of SIA and SMS patients. Whereas SMS 

patients had a remission period between acute exacerbations, 

whereas SIA patients showed a progressive course. The majority of 

the SIA occupied both halves of the spinal cord. Fusiform dilation 

or tumoral cyst was a common finding in SIA. However, additional 

studies based on large patients and advanced imaging are needed 

to validate these findings. 
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Fig. 2. An illustrative case of spinal multiple sclerosis (SMS). Magnetic resonance imaging (MRI) of a 31-year-old female with quadripa-
resis for 2 months. T2-weighted image (T2-WI) showed the 4-segment length of the high-intensity lesion with focal enhancement. (A, 
B) In the axial plane, only the left dorsal was infiltrated. (C, D) Despite conservative treatment with steroid pulse therapy for 3 months, 
the lesion showed progression. She underwent surgical resection of the lesion, and the pathologic report revealed multifocal perivascular 
lymphocytic infiltration. T2-WI in brain MRI in the postoperative period showed juxtacortical lesions (E).

Fig. 3. An illustrative case of spinal intramedullary astrocytoma (SIA). The 23-year-old male complained of progressive both hand weak-
ness for 9 months. In preoperative magnetic resonance imaging, the fusiform dilatation and infiltration of both halves were definite. (A, C) 
The contrast enhancement was not prominent. (B, D) Due to the progressive clinical course, he underwent surgical removal of the tumor 
and was diagnosed with intramedullary anaplastic astrocytoma.
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INTRODUCTION 

Hypodensity on non-contrast computed tomography (CT) is typ-

ically observed 12 to 24 hr following acute cerebral infarctions3). 

However, in some cases, cerebral infarctions may briefly disappear 

on imaging 2 to 3 weeks after onset. Becker et al.2) first described 

this phenomenon using the term “fogging effect” in 1979 and sim-

ilar occurrences have also been reported in magnetic resonance 

(MR) imaging (MRI). It is generally reported at T2 image, but can 

also be observed in diffusion-weighted image (DWI)1,2). 

Studies have reported the occurrence of the fogging effect to be 

anywhere between 10% to 54% of reported cerebral infarction cas-

es4,6,8,9). This wide range of prevalence rates may be partly attributed 

Acute cerebral infarctions usually demonstrate hypodensity on non-contrast computed to-
mography (CT). However, in some cases, cerebral infarctions may appear to be isodense on im-
aging conducted during the subacute stage (2–3 weeks after onset). This phenomenon was 
previously called the fogging effect and has also been reported in magnetic resonance imag-
ing. It is generally reported at T2 image, but can also be observed in diffusion-weighted image 
(DWI). We report three cases of the fogging effect demonstrated on CT and DWI that was 
conducted in the subacute stage of ischemic cerebral infarcts. The fogging effect can result in 
incorrect judgment during the diagnosis and treatment of cerebral infarction patients in the 
subacute stage. Therefore, it is important that clinicians anticipate this occurrence and neces-
sitates the development of better detection methodologies. 

Keywords: Cerebral infarction; Magnetic resonance imaging; Stroke; Tomography; X-ray com-
puted  
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to misinterpretation of the lack of radiological findings by radiolo-

gists or physicians despite clinically suspected cerebral infarction. 

Therefore, it is necessary to understand the fogging effect to facil-

itate accurate interpretation of CT or MRI data and appropriate 

treatment. Herein, we report three cases illustrative of the fogging 

effect on CT and MRI scans obtained during the subacute stage of 

cerebral infarction. 

CASE REPORT 

Case 1 
A 12-year-old boy presented to the emergency department at our 

institution with a loss of consciousness after a pedestrian accident. 
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The patient’s Glasgow Coma Scale score at this time was 3 points.  

No evidence of intracranial hemorrhage or cerebral infarction 

was detected on the initial non-contrast head CT (Fig. 1A). On the 

second day of hospitalization, the patient’s state of consciousness 

progressed to a stupor and the follow-up non-contrast head CT 

demonstrated hypodensity in both occipital lobes (Fig. 1B). A 

DWI obtained on the same day demonstrated high signal inten-

sity corresponding to the head CT findings (Fig. 1C). By day 18 

post-injury, the patient’s consciousness improved to a drowsy state. 

Isodensity was noted on a follow-up non-contrast head CT scan 

in the previously hypodense area (Fig. 1D). Similarly, repeat DWI 

did not demonstrate any high signal intensity (Fig. 1E). By day 40, 

the hypodensity was redemonstrated (Fig. 1F). The patient was 

subsequently transferred to another hospital for rehabilitation and 

remained in a drowsy state of consciousness at discharge. 

Case 2 
A 61-year-old woman with a history of hypertension and hyper-

lipidemia presented to the emergency department with a sudden 

onset headache. Though alert at the visit, the patient developed a 

seizure for which she was sedated. 

The initial non-contrast head CT scan revealed a subarachnoid 

hemorrhage and a subsequent cerebral digital subtraction angi-

ography (DSA) indicated a saccular aneurysm of the left anterior 

inferior cerebellar artery (AICA) (Fig. 2A, B). An emergency endo-

vascular internal trapping of the aneurysm was performed using 

coils, resulting in distal AICA flow blockage. 

The hypodensity lesion was observed on a non-contrast head CT 

in the left AICA territory of cerebellar cortex 4 days post-admission 

(Fig. 2C). By day 14, these changes were not demonstrated (Fig. 

2D). Similar isointense findings were noted on a DWI conducted 

on day 20 of hospitalization (Fig. 2E). The patient’s consciousness 

and symptoms, including the headache, improved and she was dis-

charged without any complications. A year later, distal flow of the 

AICA blockage was demonstrated again via a DSA exam (Fig. 2F). 

Case 3 
A 25-year-old woman who presented with mental deterioration 

and left-sided weakness was admitted to the emergency room in 

our hospital. Initial non-contrast head CT and DWI scans revealed 

a cerebral infarction in the right temporoparietal lobe (Fig. 3A, B) 

and subsequent MR angiography findings indicated moyamoya 

disease. The patient underwent conservative management of cere-

bral infarction. DWI conducted on day 10 following hospitalization 

showed isosignal intensity in the right temporoparietal region com-

pared to the DWI taken at admission (Fig. 3C). DWI performed in 

the outpatient department 4 months after discharge demonstrated 

low signal intensity in the right temporoparietal lobe (Fig. 3D). 

DISCUSSION 

Hypodensity on non-contrast CT is typically observed 12 to 24 hr 

following acute cerebral infarctions3). However, in rare cases, cere-

bral infarctions may briefly disappear on imaging 2 to 3 weeks after 

Fig. 1. Imaging studies for Case 1. (A) Day 1, non-contrast com-
puted tomography (CT) shows no specific lesion. (B) Day 2, 
non-contrast CT shows hypodensity in both occipital lobes. (C) 
Day 2, diffusion-weighted image(DWI) shows high signal intensity. 
(D) Day 18, non-contrast CT shows isodensity. (E) Day 18, DWI 
changed to isosignal intensity. (F) Day 40, noncontrast CT changed 
to hypodensity.

Fig. 2. Imaging studies for Case 2. (A, B) Day 1, non-contrast com-
puted tomography (CT) & data acquisition system(DAS) demon-
strated subarachnoid hemorrhage due to ruptured left anterior 
inferior cerebellar artery (AICA.) (C) Day 4, non-contrast CT shows 
hypodensity in the left AICA territory. (D) Day 14, non-contrast CT 
changed to isodensity. (E) Day 20, diffusion-weighted image con-
firmed to isosignal intensity. (F) After 1 year, DAS demonstrated 
blocked AICA distal flow.
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onset, at the subacute stage of the disease process. Becker et al.2) 

first described this phenomenon using the term “fogging effect” in 

1979 and similar occurrences have also been reported in MRI. It is 

generally reported at T2 image, but can also be observed in DWI1,2). 

Becker et al.2) correlated CT findings to the pathological findings 

of Spatz’s classification7). According to this, the fogging effect ap-

pears in the resorption stage2,7) and is thought to be the result of lip-

id-laden macrophage invasion, proliferation of capillaries, extrav-

asation of blood cells, and decrease in bulk water in the infarcted 

area. Since water levels and cellularity in the infarct area can return 

to near-normal levels in the subacute stage of cerebral infarction, 

the fogging effect occurs most frequently during this period2,5,7).  

When retrospectively reviewed, the three cases reported here 

conspicuously demonstrate the fogging effect on CT images and 

DWI. As commonly occurs in clinical practice, we did not initially 

consider the fogging effect due to lack of awareness, and instead 

assumed that the disappearance of findings evidenced improve-

ments, not only in terms of imaging but also clinically. 

Therefore, it is important to be aware of the possibility of unusual 

changes in these imaging studies, and care should be taken not to 

unnecessarily discontinue or alter treatments due to temporary im-

provements visible on the images. In addition, continued research 

on imaging methods and interpretations of cerebral infarction in 

subacute stage might be needed. 

CONCLUSION 

In summary, the fogging effect is an unusual presentation in an 

imaging study that can lead to incorrect judgment in diagnosis and 

treatment in cerebral infarction patients during the subacute stage. 

Therefore, possible unusual changes in these imaging studies must 

be aware for continuous and proper treatment of patients. 
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INTRODUCTION 

Neurofibromatosis type 1 (NF1) is an autosomal-dominant he-

reditary disease with a prevalence of about 1 in 3000. The clinical 

characteristics of NF1 are café-au-lait spots, neurofibromas, freck-

ling, optic gliomas, and Lisch nodules4,5). Neurofibroma is a benign 

peripheral nerve sheath tumor (PNST) that can transform into 

atypical neurofibroma, a premalignant tumor, or malignant PNST 

(MPNST)1,9). Because NF1 patients are at higher risk of malignancy, 

which is the most common cause of death, surgical resection and 

pathologic confirmation are very important to the treatment of 

symptomatic or growing tumors in NF1 patients3,4,11). We present 

three cases of different PNSTs in NF1 patients. 

Neurofibromatosis type 1 (NF1) is an autosomal-dominant genetic disease that predisposes 
affected individuals to tumors. Neurofibroma and malignant peripheral nerve sheath tumor 
(MPNST) are examples of PNSTs that occur either sporadically or as part of hereditary neuro-
cutaneous diseases such as NF1. We treated three patients with NF1 who presented with dif-
ferent PNSTs. All patients underwent surgical resection, and pathologic findings indicated 
neurofibroma, atypical neurofibroma, and MPNST, respectively. We managed each case based 
on its pathology. The patient with MPNST died after chemoradiotherapy; the other patients 
did not experience recurrence for several months. 

Keywords: Nerve sheath neoplasms; Neurofibroma; Neurofibromatosis 1  
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CASE REPORT 

Case 1 
A 23-year-old man with NF1 diagnosed 6 years prior presented with 

left hip pain. Two round-shaped tumors were found on abdominal 

computed tomography (CT) and magnetic resonance imaging 

(MRI). Tumor sizes were 4.2×3.3 cm and 7.0×4.9 cm respectively. 

To reduce left hip pain, we decided to remove these tumors. The 

patient underwent two separate excisional operations. One origi-

nated from the left femoral nerve and the other originated from the 

left sciatic nerve. Pathologic diagnosis was neurofibroma (Fig. 1). 

After surgery, hip pain resolved and there were no neurologic com-

plications and no evidence of recurrence on 1-year follow-up CT. 
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Case 2 
A 25-year-old woman with NF1 diagnosed 7 years prior presented 

with abdominal pain. On abdominal CT and MRI, a 6.8×4.5-cm-

sized and oval-shaped mass was found in the right retroperitoneal 

space with multiple nodular lesions. The size of this mass and the 

numerous nodular lesions were suspicious for malignancy. For re-

lief of abdominal pain and pathologic confirmation, we performed 

surgical resection of the mass. The pathologic findings were moder-

ate cellularity with nuclear atypia, leading to a diagnosis of atypical 

neurofibroma (Fig. 2). Abdominal pain was relieved postoperative 

Fig. 1. Case 1. Benign neurofibroma. (A) Computed tomography 
image of a 7.0 × 4.9-cm-sized tumor (arrow). (B) Gross image of 
excision. (C) Hematoxylin and eosin stain (H&E), ×400 magnifi-
cation image of a wavy nuclei spindle cells and loose collagenous 
stroma.

Fig. 2. Case 2. Atypical neurofibroma. (A) Computed tomography of a 6.8×4.5-cm-sized tumor (arrow). (B) Fat-saturated T2-weighted 
magnetic resonance image of a tumor (arrow) without perilesional soft tissue edema. Multiple nodular lesions (arrowhead). (C) Hema-
toxylin and eosin stain (H&E), ×400 magnification image of a neurofibroma with focal nuclear atypia and increased cellularity without 
mitotic activity.

without complications. On 1-year follow-up CT and MRI, there was 

no evidence of tumor recurrence or malignant changes. 

Case 3 
A 22-year-old man with NF1 diagnosed 6 years prior presented with 

left flank pain. We found 5.1 × 4.1-cm-sized and 12.8 × 9.2-cm-sized 

tumors on abdominal CT and MRI. Radiologic findings were large-

sized tumors with perilesional edematous changes and peripheral 

enhancement that are suggestive of malignancy. He underwent 

two separate excisional operations. These tumors originated from 

the left intercostal nerve and right lumbar plexus and were patho-

logically diagnosed as MPNST with cellular atypia and numerous 

mitoses (Fig. 3). The patient received adjuvant radiotherapy, but 

follow-up CT revealed tumor recurrence. The patient underwent 

reoperation 2 months after the first operation (Fig. 4). Postopera-

tively, he received chemotherapy, but 3 months later the patient 

died from tumor progression and complications. 

DISCUSSION 

MPNST is a rare disease that is very concerning due to its poor 

prognosis. The incidence of MPNST is approximately 0.001% in the 

general population. The recurrence rate is approximately 40% to 

65%, and metastasis is found in 16% to 39% of patients. The 5-year 

survival rate is approximately 25% to 42%2,3,7). Factors related prog-

nosis include tumor size, the extent of resection in surgery, and rate 

of mitosis. Total resection or wide tumor excision is considered ap-

propriate because chemotherapy and radiotherapy tend to be inef-

fective2,7). In case 3, we performed surgical resection, radiotherapy, 

and chemotherapy, but the patient experienced extremely rapid 

progression of malignant tumor. Despite potential perioperative 
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Fig. 3. Case 3. Malignant peripheral nerve sheath tumor. (A) Computed tomography image of a 12.8×9.2-cm-sized (arrow) and 
5.1×4.1-cm-sized (arrowhead) tumor, (B) T2-weighted (left) and enhanced T1-weighted (right) magnetic resonance image of a tumor 
with perilesional soft tissue edema, peripheral enhancement pattern and intratumoral cystic lesion. (C) Gross image of excision. (D) He-
matoxylin and eosin stain (H&E), ×400 magnification image of a proliferation of spindle cells with numerous mitoses.

Fig. 4. Case 3. Recurrence of tumor. (A) Postoperative day 30 and 42 computed tomography image of tumor recurrence. (B) Gross image 
of excised tumor.

complications including neurologic deficits, pathologic confirma-

tion and surgical treatment of MPNST is important. 

NF1 patients are at high risk of neoplastic disease; the overall risk 

of cancer in NF1 patients is 2.7 times higher and the risk of malig-

nancy in 50-year-olds is approximately 20%11). Also, approximately 

50% of MPNSTs are related to NF1. In NF1 patients, MPNST is less 

rare than in the general population. The incidence is around 4.6% 

and the lifetime risk is 8% to 13%. Furthermore, the prognosis of 

MPNST with NF1 is poorer2,3). Therefore, appropriate surveillance 

is required for NF1 patients. A particularly close follow-up exam-

ination is necessary in cases of growing neurofibroma. 

We observed nuclear atypia without mitotic activity on histology 

in case 2. One-year follow-up CT and MRI revealed no recurrence. 

However, atypical cell can be found in gray zone between benign 

and malignant lesions, and transform into malignant tumors in 

specific genetic characteristics such as deletion of CDKN2A/B. 
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Therefore, atypical neurofibroma is considered a premalignant 

tumor1,9). Because of the possibility of malignant change, detection 

and treatment of atypical neurofibroma are important in NF1 pa-

tients. Serial MRI and 18F-fluorodeoxyglucose-positron emission 

tomography can be used for detection of atypical neurofibroma10). 

Before pathologic confirmation, imaging findings are used for 

the differentiation of benign and malignant lesions. Differentiation 

using image findings is helpful for treatment planning. Previous 

studies described MRI findings indicative of malignancy, including 

large size, a peripheral enhancement pattern, perilesional soft-tis-

sue edema, and intratumoral cystic lesions8,12). In case 3, these fea-

tures were observed on MRI before surgery, leading to suspicion of 

MPNST. Additional radiotherapy was planned. In case 2, there was 

no peripheral enhancement pattern, perilesional soft-tissue edema, 

or intratumoral cystic lesions. However, the large tumor size and 

distinct multiple nodular lesions on MRI suggested a malignant or 

atypical lesion6). Our experience suggests that MRI findings are im-

portant and useful for the differentiation of three types PNSTs.  

CONCLUSION 

When dealing with PNSTs in NF1 patients, neurosurgeons should 

consider the possibility of malignant changes. Further study and 

specific management plans are needed for PNSTs in NF1. 
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INTRODUCTION 

Caudal epidural injection (CEI) is commonly used to manage 

patients with low back and leg pain and is simple and safe, and 

has broad indications1). Nevertheless, complications varying from 

minor to major, such as hypotension, bradycardia, transient head-

ache, epidural or subdural hematoma, cauda equine syndrome 

(CES), or paraplegia, can develop after the procedure3). Some 

authors have reported subdural hematoma occurred after the pro-

cedure5,8,9). However, to the best of our knowledge, few case reports 

have been released on subdural-extra arachnoid hematoma after 

CEI. Here, we describe our experience of the surgical treatment of 

subdural-extra arachnoid hematoma occurring after CEI. 

Caudal epidural injection (CEI) is commonly used to manage patients with low back or leg pain, 
but cauda equine syndrome (CES) rarely results from epidural and/or subdural hematoma oc-
curred after the procedure. A 71-year-old man presented at our outpatient department with 
voiding difficulty and radiating pain in both legs 8 days ago after CEI. The patient also complained 
pain and numbness of saddle area, CES. He had taken clopidogrel for 8 years after cardiac stent 
insertion. Lumbar magnetic resonance imaging (MRI) revealed subdural hematoma at the L5-
S1-S2 level. The patient underwent urgent surgical treatment for hematoma evacuation. We fi-
nally recognized that subdural hematoma in lumbar MRI was found to subdural-extra arachnoid 
hematoma as considering intraoperative findings. To the best of our knowledge, few cases of this 
complication have been reported after CEI. Subdural hematoma often is concomitant with sub-
arachnoid hematoma. Subdural and subarachnoid hematoma is associated with poor clinical 
outcomes due to severe edema of nerve rootlets. However, no evidence of edema and swelling of 
nerve rootlets was observed during surgery in our case. As a result, the patient achieved full re-
covery more than we expected unlike the case of subdural and subarachnoid hematoma. 

Keywords: Subdural hematoma; Caudal epidural injection; Cauda equina syndrome; Voiding 
difficulty  
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CASE REPORT 

A 71-year-old man complaining of voiding difficulties and radiating 

pain in both legs visited our outpatient department. He had under-

gone cardiac stent insertion 8 years previously and had been taken 

clopidogrel afterward. He had received CEI for low back and right 

lateral calf radiating pain at another hospital nine days ago. How-

ever, low back and right leg pain was aggravated, left leg pain was 

newly developing after CEI. The next day the patient recognized 

voiding and defecation difficulties, and felt pain and numbness of 

saddle area such as CES. The patient waited for days expecting to 

get better as taking the medicine, but it did not improve. When he 

revisited the hospital, the doctor recommended our hospital for 
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further evaluation. In neurologic examination, weakness of both 

legs was absent, but pain and numbness of both posterior thigh and 

saddle area. Deep tendon reflex was within normal limit. Anal tone 

was decreased slightly in rectal exam. Lumbar magnetic resonance 

imaging (MRI) showed subdural hematoma at the L5-S1-S2 level, 

and computed tomography depicted high density at the same level 

(Fig. 1). A red pin point was found at coccygeal area as predicting 

the insertion point of caudal block. The patient underwent emer-

gent surgical treatment for hematoma evacuation at L5-S1-S2 level. 

A dark brown thecal sac was found after L5 left hemilaminectomy 

and S1 total laminectomy, and S2 bilateral partial laminectomy (Fig. 

2A). Dural incision was performed meticulously, and subdural he-

matoma was removed, but the arachnoid membrane was intact and 

clear cerebrospinal fluid (CSF) was observed (Fig. 2B). After CSF 

gushed out, the dark brown hemorrhage was observed at the bot-

tom of surgical field (Fig. 2C). We found that hematoma occupied 

the region between the subdural and extra arachnoid spaces. The 

arachnoid membrane at the bottom side was dissected using a blunt 

hook, and subdural hematoma completely removed (Fig. 2D). Dura 

was meticulously sutured using the water-tight method and the su-

ture-site was reinforced using fat tissue and fibrin glue. The surgery 

was completed without any complications. At postoperative day 

(POD) one, both leg radiating pain disappeared and the numbness 

of saddle area was subsided. The patient was absolute bed rest for 6 

days because CSF leakage was observed at drain bag. After bed rest, 

the foley catheter was removed, and the patient started to ambulate. 

The voiding and defecation difficulty improved incrementally at 

POD8, and finally voiding and defecation difficulties, and leg pain 

had completely resolved without any medication at POD14. 

DISCUSSION 

Spinal subdural hematoma is a rare complication after CEI, and some-

times it manifests as a discordant lesion from the site of injection5). Sev-

eral factors such as anticoagulation, a wet-tap violating the thecal sac, 

high-pressure injection into sacral hiatus, or vascular anomalies, are 

known to contribute to the risk of subdural hematoma4). 

In our case, a dark brown thecal sac was observed in the surgical 

field, but CSF was transparent and the arachnoid membrane was 

Fig. 1. (A, B) Preoperative lumbar magnetic resonance imaging 
(MRI) and computer tomography (CT) images. Sagittal T2 and 
T1-enhanced lumbar MRI images (the white arrow indicates sub-
dural hemorrhage). (C) Sagittal CT image showing a high-density 
lesion in the thecal sac (black arrow). (D, E) Axial T1-enhanced 
lumbar MRI images showing a stellar-shaped cauda equine com-
pressed by subdural hematoma at L5 and S1 levels.

Fig. 2. (A) Intraoperative photographs. A dark brown thecal sac 
(yellow arrow) with an intact arachnoid membrane was observed 
after total laminectomy. (B) Dura is incised meticulously. Some 
subdural hematoma is removed. Yellow arrow designates intact 
arachnoid membrane and transparent cerebrospinal fluid (CSF). 
Subdural hematoma is observed at the bottom side through the 
CSF. (C) After CSF gushes out, subdural-extrarachnoid hematoma 
(yellow arrow) was found at the bottom side. (D) After the hem-
orrhage at the bottom side is removed, there is not observed the 
edema of nerve rootlets.

Fig. 3. A brief illustration of in-
traoperative finding for subdu-
ral-extrarachnoid hematoma.
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intact. We intraoperatively found out subdural-extra arachnoid 

hematoma, which was not revealed on lumbar MRI (Fig. 3). We 

believe that a wet-tap occurred during the procedure and the 

needle tip violated the interspace between dura and arachnoid, 

and caused subdural-extra arachnoid hematoma. Moreover, the 

anticoagulant (clopidogrel) probably facilitated bleeding at the 

wet-tap site. Spinal subdural hematoma may occur in several ways, 

though we believe the above explanation is most plausible in our 

case. Therefore, we recommend the needle tip does not exceed the 

upper plate of the Sacral third segment to prevent wet-tap and that 

iodine epidurography should also be performed before CEI. 

In our experience, it is difficult to recover CES that have lasted for 

more than one week. Nevertheless, symptoms resolved well in our 

patient. In our opinion, the clinical outcomes of subdural hema-

toma depend on whether the hematoma occurs within or outside 

the arachnoid membrane. Subdural and subarachnoid hematoma 

usually has poor clinical outcomes resulting from severe edema 

and swelling of nerve rootlets. Moreover, there are the high possi-

bility that the remnants of the hematoma cause an inflammatory 

response and adhesion of rootles later. However, these findings was 

not obser ved during surgery in our case, which probably explains 

the betterthan-expected clinical outcome achieved. Accordingly, 

clinical outcomes of spinal subdural hematoma would vary de-

pending on the violation of arachnoid membrane. 

There were several case reports that stated similar complication 

after CEI. Occurring CES after CEI can be caused by various pathol-

ogies. We summarized case reports in Table 1. Lee et al.6) reported 

that existing herniated intervertebral disc and injected fluid could 

cause CES after CEI. Bilir and Gulec2) stated that space-occupied 

lesion formed by injected fluid would make transient neurologic 

deficit. Seo et al.7) also reported that neurotoxicity came from local 

anesthetics could induce CES. The patient was left with a perma-

nent neurological deficit despite of emergent surgical treatment. 

Chen et al.4) stated that subdural hematoma resulting from tearing 

fragile vessel by high pressure-injection could cause CES. Finally, 

we added our case that subdural-extra arachnoid hematoma might 

be formed after CEI could be one reason of CES. Furthermore, clin-

ical outcome may especially be good in this case.  

CONCLUSION 

Subdural-extra arachnoid hematoma is a rare complication after 

CEI. Relatively good clinical outcomes could be obtained more 

than expected when it was not accompanied by severe edema and 

swelling of nerve rootlets. 
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CES: cauda equina syndrome.
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INTRODUCTION 

Cervical artificial discs (CADs) have been used as an alternative to 

anterior cervical discectomy and fusion (ACDF) to treat myelopa-

thy and radiculopathy. Cervical arthroplasty enables preservation 

or restoration of the natural disc motion of the treated level and acts 

as a spacer to maintain lordosis and foraminal height. Therefore, it 

can reduce pain, improve overall function, and decrease the risk of 

adjacent-level degenerative disease1–3,6,8,19–21). 

Outcomes following CAD treatment and ACDF have been com-

pared in several prior studies13,18,26,27). However, inconsistencies in 

adverse event reporting related to CADs have limited the interpre-

tation of the clinical risks associated with the procedure23). In this 

study, we report a patient who underwent emergency surgery for 

Cervical artificial discs (CADs) are a surgical option in selected patients with cervical spinal 
disc degeneration. Although CADs have been available for many years, concerns persist re-
garding long-term safety, durability, and implant-related failure. We report a case of nucleus 
herniation of a Mobi-C implant without trauma, which is a rare complication. Two years after 
implantation of a Mobi-C implant, a 47-year-old man presented with acute paraplegia with-
out a history of trauma. On cervical magnetic resonance imaging, a T2-high signal intensity 
lesion was noted in the ventral aspect of the spinal cord at the T1–2 level. During emergent 
surgery, nucleus herniation of the Mobi-C was detected. After surgery, the patient could walk 
without assistance. Posterior herniation of the Mobi-C nucleus without trauma is a rare com-
plication that should be considered in surgical planning and follow-up. 
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acute paraplegia due to nucleus herniation of a Mobi-C implant 

(polyethylene mobile implant) without trauma. 

CASE REPORT 

A 47-year-old man, who had previously undergone a C7-T1 arthro-

plasty with the insertion of a Mobi-C cervical disc prosthesis for 

myelopathy 2 years ago at another institution, visited the emergen-

cy room with severe upper back pain and acute paraplegia. There 

was no history of spinal trauma, tumor, or infection preceding 

neurological deterioration. Dynamic cervical X-rays and computed 

tomography (CT) scans showed no significant findings, but signifi-

cant artifacts were present in the cervical region due to the previous 

cervical prosthesis (Fig. 1). Cervical magnetic resonance imaging 
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Fig. 4. Postoperative cervical X-ray (A) and computed tomography 
scan (B) showed no unusual postoperative findings.

Fig. 2. Preoperative cervical magnetic resonance imaging showed 
a T2-weighted high signal intensity lesion in the ventral aspect of 
the spinal cord at the T1-2 level.

Fig. 3. Intraoperative images. (A) The superior and inferior end-
plates of the Mobi-C implant without a nucleus were observed. (B) 
After removal of both endplates of the Mobi-C, the nucleus of the 
implant was partially observed behind the T1 vertebral body.

Fig. 1. (A) Preoperative cervical X-ray and (B, C) computed tomography scans showed no abnormal findings.

showed a T2-high signal intensity lesion in the ventral aspect of 

the spinal cord at the T1–2 level (Fig. 2). It was not clear what the 

lesion represented. The CT myelogram was not considered due to 

the possibility of infection. Emergent surgical exploration was per-

formed due to the acute onset of paraplegia.  

After exposure of the vertebra, 14-mm Caspar pins were drilled 

into the C7 and T1 vertebral bodies for distraction. The plates of the 

prosthesis had subsided into the upper and lower vertebra, but re-

moval of both plates was possible after drilling the junction. Poste-

rior herniation of the nucleus was detected (Fig. 3). T1 corpectomy 

was performed to remove the nucleus of the prosthesis completely 

and safely. A titanium mesh cage filled with autologous bone was 

implanted and fixed using a ventral plate (Fig. 4). The patient un-

derwent physical therapy and occupational therapy following his 

emergent operation. One month after surgery, the patient could 

walk without assistance. 

The requirement for informed consent was waived due to the 

retrospective design and minimal risk of the study. 
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DISCUSSION 

A multicenter prospective study with at least 10 years of follow-up 

was reported for one- and two-level cervical arthroplasty using Mo-

bi-C11). At postoperative 10 years, patients maintained significant 

improvements in neck pain, arm pain, neck disability index, and 

segmental range of motion. No significant difference was found in 

the incidence of clinically relevant adjacent segment disease and 

motion-restricting heterotopic ossification between 7 years and 10 

years postoperatively. CAD with a Mobi-C implant was concluded 

to be a favorable option as an effective surgical treatment for one-or 

two-level cervical disc degeneration. 

However, due to the limited reporting of adverse events related 

to CADs, careful interpretation of the clinical risk is required23). In 

randomized controlled trials of CAD treatment, the incidence of 

adverse events was very heterogeneous and showed significant 

variation15). The reported modes of device failure include disc loos-

ening, device or core migration, cracking of the implant sheath, 

and postoperative kyphosis5,10,16). A previous study reported four 

patients who developed segmental kyphosis at the implant level 

after treatment with Mobi-C7). The authors considered chronic 

device failure to be a cause of delayed segmental kyphosis. Inad-

vertent locking of the Mobi-C in extreme flexion may contribute 

to mechanical failure. Furthermore, the mobile-bearing inside the 

Mobi-C flexes beyond the normal range of physiological motion22). 

In the present study, implant failure occurred 2 years postop-

eratively without physiologically abnormal conditions or trauma. 

In the preoperative cervical X-ray of the present case, the superior 

endplate of the Mobi-C is located quite behind compared to the 

lower endplate (Fig. 5). This could be thought of as a clue to me-

chanical failure. A possible cause of nucleus herniation is that the 

motion of Mobi-C may exceed the physiological range, while the 

structure of the implant is insufficient to limit it. The components 

of Mobi-C include superior and inferior cobalt chromium molyb-

denum alloy endplates coated with plasma-sprayed titanium and 

hydroxyapatite coating and a polyethylene mobile bearing insert. 

The interface between the inferior plate and the insert has two 

lateral stops to prevent excessive movement and migration of the 

nucleus. However, the inner surface of the superior plate lacks a 

similar feature. To our knowledge, herniation of Mobi-C is a very 

rare case with only 5 patients reported (Table 1)7,16). 

Artificial disc migration is more common on the ventral side9,12,14, 

17,24,25,28). However, acute paraplegia due to posterior herniation of 

the nucleus of a CAD without trauma is very rare4). The imaging 

diagnosis was limited due to the presence of metal artifacts. The 

surgical treatment was also difficult because corpectomy should 

be performed to facilitate the removal of implants and adequate 

decompression of the spinal cord. This complication should be 

considered when counseling a patient about the surgical options 

for managing cervical degenerative disc disease and during the fol-

low-up period after CAD surgery. 

CONCLUSION 

Implant failure of Mobi-C, especially nucleus herniation, may oc-

cur without trauma. Metal artifacts cause difficulty in the imaging 

diagnosis. This complication should be considered in surgical 

planning and follow-up.  

Table 1. Reports of core herniation of Mobi-C in the literature

No References Year Age/
Sex Level Preoperative symptoms Reoperation Time between 

surgery Neurological improvement

1 DiCesare et al.7) 2020 26/M C5–6 Neck pain & Lt. arm pain C5–6 ACDF 1 week Resolution of all symptoms
2 DiCesare et al.7) 2020 48/M C5–6 & C6–7 Neck & bilateral arm pain C5–6 & C6–7 ACDF 2.5 years Resolution of all symptoms
3 DiCesare et al.7) 2020 60/M C4–5 Neck pain & arm pain C4–5 ACDF 2.5 years Resolution of all symptoms
4 DiCesare et al.7) 2020 36/M C5–6 Neck & arm pain Mobi-C disc  

replacement
1 week Resolution of all symptoms

5 Pitsika and Nissen16) 2020 44/F C6–7 Gradually worsening 
myelopathy

C6, 7 corpectomy 6 years Resolution of all symptoms

M: male; F: female; Lt.: left; ACDF: anterior cervical discectomy and fusion.

Fig. 5. (A) Normal cervical X-ray after Mobi-C surgery. (B) In the pre-
operative cervical X-ray of the present case, the superior endplate 
of the Mobi-C is located quite behind when compared to the lower 
endplate. This could be thought of as a clue to mechanical failure.
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INTRODUCTION 

Central hyperthermia is defined as high body temperature usually 

caused by stroke, and it responds poorly to antipyretic treatments. 

Prolonged central hyperthermia that develops from stroke is as-

sociated with a high risk of morbidity and mortality2,4,6,10,16–18). We 

report a rare but successful case of management of a patient with 

central hyperthermia, which occurred after intracerebral hemor-

rhage (ICH) in the basal ganglia with baclofen. 

CASE REPORT 

A 35-year-old man with no medical history presented to the emer-

gency room with sudden loss of consciousness (Glasgow Coma 

We report the treatment of a rare case of central hyperthermia due to intracerebral hemor-
rhage (ICH) in the basal ganglia with baclofen. Central hyperthermia is associated with a high 
mortality rate and poor prognosis among patients with failure of the thermoregulation system. 
A 35-year-old man arrived at the emergency room with the sudden loss of consciousness and 
right-sided hemiparesis. Computed tomography revealed an ICH in the left basal ganglia with 
a midline shift. Following craniotomy and evacuation of the ICH, the patient developed per-
sistent hyperthermia. Laboratory investigations for fever did not aid in determining the origin, 
and the fever did not respond to any antibiotics or antipyretics. Oral baclofen was started at a 
dose of 30mg/day, which was increased to 90mg/day. The patient’s temperature markedly de-
creased to the normal range. Baclofen can be considered for treating suspected central hyper-
thermia in patients with ICH. 

Keywords: Baclofen; Basal ganglia; Cerebral hemorrhage; Hyperthermia; induced  
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Scale, E1V1M4) and right-sided hemiplegia on neurologic exam-

ination. Non-contrast computed tomography (CT) demonstrated 

acute left basal ganglia hemorrhage with a midline shift (Fig. 1A). 

The patient was treated with emergency decompressive craniec-

tomy and hematoma evacuation (Fig. 1B). Post surgery, he was 

admitted to the intensive care unit and managed with mechanical 

ventilation with monitoring systems and medication. On post-

operative day (POD) 12, he presented with intermittent fever and 

sudden muscle rigidity. Despite thorough diagnostic evaluation to 

rule out the focus of infection and full coverage of broad-spectrum 

antibiotics, the fever persisted and fluctuated in the range of 38.2°C 

to 39.6°C. Routine biochemistry and hematological tests showed 

no evidence of inflammation with a normal white blood cell count 

(7,900/mL), C-reactive protein level (5.3mg/L), and negative blood 
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culture results. The anticoagulation tests and lumbar puncture 

cerebrospinal fluid analysis on POD 16 were normal (red blood 

cells, 220/mm3; white blood cells, 5/mm3; glucose, 71mg/dL; and 

protein, 51mg/dL). He showed no signs of active inflammation, 

and his coagulation test results were normal; therefore, it could be 

concluded that central hyperthermia was the likely cause of the 

prolonged fever. Central hyperthermia was treated with baclofen 

at a dose of 30mg/day on POD 18, and the dose was increased to 

60mg/day on POD 22. Hyperthermia did not subside when the 

dose of baclofen was 30mg/day; however, the body temperature 

fluctuated between 39°C and 37°C on POD 23 but did not reach the 

normal level. On POD 30, we increased the baclofen dose to 90 mg/

day, and the body temperature was reduced to normal levels. The 

neurological state showed gradual improvement with a reduction 

in stupor and muscle rigidity. Postoperative CT demonstrated re-

solved ICH without any midline shift (Fig. 1C). Postoperative mag-

netic resonance imaging demonstrated encephalomalacia due to 

ICH in the left frontotemporoparietal lobe, basal ganglia, external 

capsule (Fig. 2). 

DISCUSSION 

Central hyperthermia is characterized by a cytokine-related ele-

vation setting of the thermoregulatory center that fails to respond 

to antipyretic treatments. The diagnostic criteria for central fever 

are not standardized and there are different opinions regarding the 

time of fever onset, but we used the following criteria to diagnose 

central hyperthermia: (1) no prior infection or fever for at least one 

week before onset of stroke; (2) presence of fever (≥38.3°C) after 

onset of stroke; and (3) negative workup for infection-originated 

fever5,7,9). Early diagnosis and treatment of central hyperthermia are 

crucial. However, in most cases, early diagnosis is difficult because 

of the time-consuming tests required to rule out infection. 

Furthermore, the mortality rate is high because of complications 

related to high fever, including sudden cardiac arrest, rhabdomy-

olysis, and acute renal failure9). The precise mechanism of central 

fever in stroke remains unknown. Body temperature is strictly con-

trolled in the human body. Multiple physiological mechanisms are 

involved in thermoregulation, all coordinated with the cutaneous 

thermal receptors, spinal cord, midbrain, and thermoregulatory 

center of the hypothalamus13). Several possible mechanisms can ex-

plain central hyperthermia. First, the central pathway controls ther-

moregulatory thermogenesis and innervation of the brown adipose 

tissue (BAT). The BAT is an essential effector organ for nonshivering 

heat generation that helps maintains euthermia during exposure 

to cold19). Preoptic chiasma and anterior hypothalamic nuclei are 

the centers of thermoregulation. Lowering the temperature of these 

areas activates the BAT, while raising the temperature deactivates 

the BAT and nonshivering thermogenesis11,15). Preoptic chiasma/

anterior hypothalamic nuclei generate efferent signals that reach 

the ventromedial hypothalamic nuclei and act as γ-aminobutyric 

acid (GABA) inhibitors12). Signals from the ventromedial hypotha-

lamic nucleus reach the raphe nuclei through the lower midbrain, 

releasing GABA from this region14). The thermoregulatory signal is 

connected to the sympathetic chain, and the nonshivering thermo-

genesis in the BAT is controlled by the sympathetic chain7,9). Second, 

dysfunction of the serotonergic or dopaminergic system can also be 

a possible cause of central hyperthermia; the serotonergic system is 

associated with heat generation, while the dopaminergic system is 

associated with autonomic and endocrine regulation18). Symptoms 

of central hyperthermia are thought to be related to dopamine or 

serotonin syndrome, including hyperthermia, altered mental state, 

muscle hypertonia, and autonomic dysfunction. These symptoms 

are similar to those of our patient who had hyperthermia, altered 

mental state, and muscle hypertonia. Lastly, the correlation of the 

central fever with the ICH volume and third ventricular shift sug-

Fig. 1. (A) Computed tomography axial image demonstrating in-
tracerebral hemorrhage (ICH) in the left side basal ganglia with 
a midline shift. (B) Extensive left frontoparietal craniectomy with 
resolving state of ICH. (C) Cranioplasty with scanty subdural fluid 
collection.

Fig. 2. Magnetic resonance imaging demonstrated that encephalo-
malacia due to intracerebral hemorrhage in left frontotemporopa-
rietal lobe, basal ganglia, external capsule.
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gests possible hypothalamic compression after ICH. Previous stud-

ies found no significant correlation between the ICH location and 

development of central hyperthermia, although thalamic and basal 

ganglia involvement showed a trend towards being more common 

in patients with central hyperthermia4,6). 

The precise mechanism of action of baclofen is not fully known; 

however, thus far, baclofen is an agonist of the beta subunit of 

GABA receptors on mono- and polysynaptic neurons at the level 

of the spinal cord and brain1). Regarding the antipyretic effect, we 

hypothesized two mechanisms of action by which baclofen possi-

ble lowered the body temperature. First, baclofen, a GABA receptor 

agonist, replaces GABA, thereby directly inhibiting the raphe nuclei 

and suppressing BAT activation, while GABA is blocked because of 

the mass effect of ICH7). Baclofen lowers the body temperature by 

affecting the dopaminergic system. According to a previous study, 

low concentrations of baclofen caused increased activity of dopa-

minergic neurons in rodent ventral tegmental area slices3). As the 

symptoms of our patient were related to dopamine deficiency, ba-

clofen’s action of increasing the activity of dopaminergic neurons 

may lower the body temperature of the patient. However, this hy-

pothesis can be controversial because, in this study, higher doses of 

baclofen inhibited dopaminergic neurons, which usually raises the 

body temperature, but our patient’s body temperature decreased 

as the dose of baclofen was increased. 

CONCLUSION 

This case provides guidance for understanding the thermoregu-

lation dysfunction in patients with ICH. Thus, in conclusion, per-

sistent central hyperthermia should be considered as a possible 

cause of fever in patients with ICH, and baclofen administration 

should be considered as a treatment option. 
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INTRODUCTION 

Gorham-Stout disease (GSD), also known as “vanishing bone dis-

ease” or “massive osteolysis”, is a rare disease of unknown etiology 

that is characterized by progressive osteolysis and absorption with 

mono- or poly-osteolytic lesions7). Gorham disease was first de-

scribed in 1838; since then, more than 300 cases have been report-

ed, with approximately 60 cases related to the spine. One common 

complication of the disease is the development of chylothorax, 

which occurs in approximately 20% of patients and results in a high 

mortality rate13). No standard diagnostic tool or therapy exists for the 

disease so that it can be easily misdiagnosed. Depending on disease 

severity and extension of organ involvement, commonly used treat-

ments include surgery, radiotherapy, and pharmaceuticals. GSD 

Gorham-Stout disease (GSD) is a rare progressive osteolytic disease with intraosseous lymph-
angiomatosis. A previously healthy 55-year-old woman presented with left leg hypoesthesia 
and upper back pain. k pain, back pain, and bilateral shoulder pain. In radiologic examination, 
there was an osteolytic lesion in T3, 4, 5, 6 vertebra. And a dislocation in the T3/4 vertebrae 
and a compression fracture in the T4 vertebra were founded. She was treated with posterolat-
eral fusion (PLF) from C7 to T7. For 1 year, she had no specific symptoms but a new osteolytic 
lesion was found on thoracic T8 on 1 year follow-up magnetic resonance imaging. Radiother-
apy was performed with 40 Gy, and chemotherapy was performed with denosumab. This re-
port described a case of GSD that involved the thoracic spine and was appropriately managed. 
In the present case of a middle-aged Asian woman, correction of severe thoracic instability 
and prevention of neurologic compromise were accomplished through PLF from C7 to T7. Re-
currence was observed 1 year later, but it was appropriately treated with neoadjuvant therapy. 

Keywords: Osteolysis; essential; Spine; Thoracic vertebrae  
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can be diagnosed at any age, but it is most commonly observed in 

children and young adults (the average age of diagnosis is 25 years). 

This study report management of a middle-aged patient with GSD 

on thoracic spine combined thoracic vertebral dislocation. 

CASE REPORT 

A previously healthy 55-year-old Asian woman presented with left 

leg hypoesthesia and upper back pain. Before being admitted to 

the hospital, she visited a local clinic and was diagnosed with fibro-

myalgia with neck pain, back pain, and bilateral shoulder pain. She 

had a history of a fall 2 weeks prior to admission, after which symp-

toms were aggravated. One day before visiting our institution, she 

noticed a change in her gait and hypoesthesia of her left leg. She 
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had no family history of hereditary disease. On physical examina-

tion, she exhibited tenderness in the upper back and a slight loss of 

left leg sensation (about 60% remained). Thoracic spine computed 

tomography (CT) revealed a dislocation in the T3/4 vertebrae and 

a compression fracture in the T4 vertebra. Magnetic resonance 

imaging (MRI) scans showed a combined pathological fracture of 

T4 with anterior subluxation of T3 over T4, causing compressive 

myelopathy/cord contusion. In addition, the T1 to T6 posterior 

elements and heads of the left 3rd to 5th ribs showed a hypoplastic 

appearance with or without osteolysis. A whole-body bone scan 

demonstrated focal uptake at the T4 area due to the known com-

pression fracture and mild uptake at the spinous process area of T6 

due to another fracture (Fig. 1). Blood analyses, including multiple 

myelopathy tests, indicated normal biochemical levels. She was 

admitted through the emergency room with T3/4 dislocation and 

cord compression. 

In the present case, cord compression and vertebral dislocation 

required surgical treatment, and the plan was posterolateral fusion 

(PLF) from C7 to T7. With the patient under general anesthesia, the 

surgery was performed in a patient in the prone position of Jackson 

table. After confirming the surgical site on the radiograph, a dorsal 

midline incision was made. The subcutaneous fat layer and fascia 

were dissected and the muscles were separated from the vertebral 

arch plate. T3 and T4 total laminectomy were performed for de-

compression of the spinal cord. The bones were very loose and, 

unlike normal bones, they were very thin. Because the bone was 

very weak and reduction was needed for correcting T3/4 disloca-

tion, pedicle screw insertion was performed up to C7-T7 and bone 

fusion was conducted with allobone materials. A hemovac drain 

was placed on the surgical site and the wound was closed along the 

edge. The surgery was completed uneventfully. 

After the operation, her symptoms improved. A Minerva jacket 

was prescribed to prevent kyphotic deformity and to support the 

PLF. Postoperative pathological examination of the bone tissue 

(T3 and 4 vertebral bodies) biopsy revealed GSD with thin-walled 

vascular proliferation replacing bone marrow and lamellated tra-

becular bone with fibrous stroma. Two weeks after surgery, chest 

CT showed bilateral pleural effusions, and the chest was drained 

on both sides. The drain catheter inserted for the pleural effusions 

showed that the effusions were exudate, not chylothorax. After 

2 weeks, both pleural effusions improved and the drain was re-

moved. Since there is no gold standard for GSD, in this patient, the 

active phase passed by over 50 years of age, and since there was no 

other special disease before, chemotherapy and radiotherapy were 

not performed after surgery, and it was decided to follow up. The 

4 months after surgery, thoracic spine X-ray and CT scan showed 

successful reduction and stabilization of the thoracic spine defor-

mity (Fig. 2). A new osteolytic lesion was found involving T8 left 

vertebral body, left pedicle, bilateral transverse process, left 8th and 

9th rib head on 1 year follow up MRI (Fig. 3). Radiotherapy was per-

formed with 40Gy with denosumab. There is no recurrence during 

8 months after the radiotherapy (Fig. 4). 

DISCUSSION 

GSD is also known as vanishing bone disease, massive osteolysis, 

and disappearing bone disease. Gorham et al.3) reported 24 cases 

and defined the disease as a syndrome in 1954. Although the exact 

pathophysiology of GSD is not known, the correlation between 

lymphatic proliferation and gradual osteolysis is well-established. 

Gorham and Stout2) originally posited angiomatosis caused by 

hyperemia, interrupted bone metabolism, and altered balance 

Fig. 1. (A) Preoperative thoracic spine computed tomography imaging shows a dislocation at T3 and T4 level. (B) Preoperative thoracic 
spine magnetic resonance imaging T1 contrast enhance sagittal image shows a combined pathological fracture of T4 with anterior sub-
luxation of T3 over T4, causing compressive cord contusion. (C) Preoperative whole-body bone scan shows focal uptake appeared at T4 
area. (D) Preoperative positron emission tomography shows irregular osteolytic and hypoplastic change at T3, 4, 5, and 6 area.
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to favor osteoclastic activity. GSD presents no hereditary or sex 

tendency and can occur at any age, although it is more common 

in adolescents and young adults6). As in our case, it is rarely found 

in people over 50. GSD can involve any part of any bone; however, 

the skull, shoulder, cervical vertebrae and pelvis are the most fre-

quently involved sites10). Especially, spinal involvement can lead to 

instability and neurologic impairment. In our case, GSD occurred 

in the thoracic spine, and neurologic abnormality occurred due to 

dislocation. Treatment of spinal GSD requires close observation 

and multidisciplinary clinical decision-making. Because no stan-

dard therapy exists, care of patients with GSD is case specific. Some 

available treatment modalities include pharmaceutical therapy, 

chemotherapy, radiotherapy, and surgical intervention4). Between 

1947 and 2016, 59 cases of spinal GSD were reported in the liter-

ature. Of these 59 cases, 49% involved the cervical spine, 46% in-

volved the thoracic spine, 17% involved the lumbar spine, and 5% 

involved the sacral spine12). In almost all cases, multiple spine levels 

were involved. Among the 59 patients, 28 underwent surgical in-

tervention12). Spinal lesions can be managed by radiation therapy, 

vertebral osteotomy, braces, balloon vertebroplasty with cement 

augmentation, or spinal fusion with bone graft to correct instability 

and prevent neurologic impairment1,8,9). Tateda et al.12) reported 

Fig. 2. (A, B) Postoperative lateral and anteroposterior radiograph of the thoracic spine at the follow-up of 4 months after surgery, show-
ing a posterolateral fusion on C7-T7. (C) Computed tomography of the thoracic spine at the follow-up of 4 months after surgery, show-
ing a stabilization of C3/4 vertebral body. (D) Magnetic resonance imaging of the thoracic spine showing a cord decompression at the 
follow-up of 4 months after surgery.

Fig. 3. (A, B) Postoperative lateral and anteroposterior radiograph of the thoracic spine at the follow-up of 1 year after surgery, showing a 
posterolateral fusion on C7-T7. (C, D) Magnetic resonance imaging of the thoracic spine showing a new osteolytic lesion on T8 left verte-
bral body, left pedicle on both T2 weighted image and T1 enhance image at the follow-up of 1year after surgery.
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that chemotherapy before surgical correction was effective. GSD 

patients can gain better surgical outcomes through neoadjuvant 

chemotherapy targeting involved tissue. In our case, neoadjuvant 

therapy was not administered after surgery. This is because, based 

on the age of the patient, it was judged that the patient’s GSD state 

had passed the active phase. A new lesion was found 1 year lat-

er, and radiotherapy were per formed, but there is a regret that it 

would have been better if performed immediately after surgery. 

Chylothorax can occur when this disease involves the pleura or 

thoracic duct, and several studies report an association between 

GSD and chylothorax5,11). Bilateral chylothorax is usually lethal and 

can cause gradual respiratory failure with an increased mortality 

rate. Our case showed bilateral pleural effusions 2 weeks after sur-

gery, but the effluent was proven to be exudate, not chylothorax. 

Further studies are required to evaluate what causes an exudative 

condition. 

CONCLUSION 

This report described a case of GSD that involved the thoracic 

spine and was appropriately managed. In the present case of a mid-

dle-aged Asian woman, correction of severe thoracic instability and 

prevention of neurologic compromise were accomplished through 

PLF from C7 to T7. Recurrence was observed 1 year later, but it was 

appropriately treated with chemotherapy and radiotherapy. 
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INTRODUCTION 

Traumatic brain injury usually results from a violent blow to the 

head. Serious traumatic brain injury can result in a skull fracture, 

epidural hematoma, cerebral contusion, or subdural hematoma(S-

DH). A SDH is most often the result of trauma. Rarely, there are pa-

tients who suffer SDH without a definitive history of head trauma. 

Nontraumatic or spontaneous SDH is rare and many causes should 

be considered. The etiology of non-traumatic SDH includes corti-

cal aneurysmal rupture, neoplasm, and spontaneous intracranial 

hypotension. In this report, we present a case of non-traumatic 

SDH caused by glioblastoma (GBM). 

A 76-year-old man presented with recurrent left side weakness for several months without a 
history of head trauma. Brain computed tomography revealed a subdural hematoma (SDH). 
The patient was diagnosed with a chronic SDH and empirically treated via burr hole trephina-
tion. However, the origin of SDH was eventually confirmed to be glioblastoma. 
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CASE REPORT 

A 76-year-old man presented to another hospital with recurrent 

left side weakness that had begun several months prior without 

a history of head trauma. Brain computed tomography (CT) was 

performed and revealed acute and chronic mixed type SDH on the 

right convexity (Fig. 1). At that time, the medical team made a deci-

sion for the patient to be on conservative care, because the amount 

of SDH was subtle and the patient’s symptoms were mild. 

After one month, the patient’s symptoms did not improve and left 

side weakness and hypoesthesia was aggravated; hence, the patient 

has transferred our hospital for further workup and management. 

Brain CT was performed and revealed SDH and new low-density 
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lesion on the right frontoparietal area (Fig. 2). First, we assumed the 

newly observed lesion was a fluid collection from subdural hygroma 

or cerebral infarction. We expected the symptoms to be aggravated 

due to SDH and fluid collection and decided to perform surgical 

treatment via burr hole trephination for SDH drainage. After surgi-

cal management, a dark brownish fluid, a hallmark of typical chron-

ic SDH, was drained. However, the amount of fluid drained was not 

significant and the patient’s symptoms were not improved.  

Postoperative brain CT showed a subtle reduction in SDH and 

a new high-density lesion at the site of the previous low-density 

lesion (Fig. 3). For evaluation of this new lesion, a full-sequence 

brain magnetic resonance (MR) imaging (MRI) was performed. 

Brain MRI revealed a heterogeneous peripheral enhancing irreg-

ular mass-like lesion with perilesional edema, for which we could 

not exclude brain tumor (Fig. 4). Craniotomy was performed for 

mass-lesion biopsy and removal. The result of mass-lesion biopsy 

was GBM. 

The results of biopsy was GBM  

Results of immunohistochemistry: 
a.GFAP: positive in background 
b.p53: strong and diffuse positivity 
c.Ki-67: increased labeling index (about over 15%) 
d.CD34: increased vasculature with meshwork pattern 
e.IDH-1: negative  

GFAP: glial fibrillary acidic protein; IDH-1: isocitrate dehydrogenase 1.

Follow-up brain MRI examination showed the lesion was almost 

totally removed (Fig. 5). The subsequent concordant radiochemo-

therapy, which was initiated four weeks after surgery, was tolerated 

very well. 

Fig. 1. Brain computed to-
mography scan shows mixed 
acute and chronic subdural 
hematoma in the right fron-
toparietal area.

Fig. 3. Brain computed to-
mography scan after burr 
hole craniotomy shows a 
new high density lesion in 
the right frontoparietal area.

Fig. 5. Brain magnetic reso-
nance imaging (T1-weighted 
image with enhancement, 
axial views) 1-year after 
surgical tumor resection fol-
lowup shows stable glioblas-
toma status at the tumor re-
section site and no evidence 
of local tumor recurrence.

Fig. 4. (A) Brain magnetic resonance imaging (MRI) (T1-weighted 
image with enhancement, axial view) shows heterogeneous pe-
ripheral enhancing irregular mass in the right frontoparietal lobe. 
(B) Brain MRI (diffusion-weighted image, axial view) shows low 
signal intensity.

Fig. 2. Preoperative brain 
computed tomography scan 
reveals subdural hematoma 
and a low density lesion in 
the right frontoparietal area.
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DISCUSSION 

In general, patients with SDH have a history of head trauma. How-

ever, some SDHs without trauma history is observed. A broad 

cause of spontaneous SDH should be considered including vascu-

lar and even neoplastic origin. Coombs et al.5) reported that among 

the 63% of cases where patient sex was specified, there was a 2:1 

male predominance; overall, the majority of causes of spontaneous 

SDH were arterial (61.5%), then idiopathic (10.8%), coagulopathic 

(10.1%), neoplastic (5.4%), and spontaneous intracranial hypoten-

sion (5.4%). 

The known vascular origins of non-traumatic SDH are ruptures 

of small cortical arteries or intracranial aneurysms, rupture of ar-

teriovenous malformation (AVM), and hypertensive or amyloid 

angiopathic intracerebral hematoma (ICH) perforating the brain 

surface and arachnoid membrane1,3,5,6,20,22). Aneurysmal rupture 

usually produces subarachnoid hemorrhage (SAH) with or with-

out ICH and/or intraventricular hematoma (IVH). Aneurysmal 

SDH with or without SAH is rare, with an incidence estimated to 

be between 0.5% and 7.9%20). A rare case of non-traumatic acute 

SDH without SAH, which was caused by rupture of a cortical artery 

aneurysm, was reported and the patient did not have an infection, 

inflammation, neoplasm, or head trauma1). The pathogenesis of 

distal MCA or cortical artery aneurysms includes infectious or neo-

plastic emboli, arteritis, head trauma, and arterial dissection21). In 

cases of AVM rupture, ICH is the most common, followed by IVH 

and SAH. Some authors reported rare cases of SDH due to rupture 

of cortical AVM and thought AVM vessel adhesion to the arachnoid 

membrane and strain on the arachnoid membrane could have led 

to the formation of SDH rather than SAH or ICH3,6). Rupture of a 

leptomeningeal artery adjacent to the dura, with extravasation into 

both the brain parenchyma and the subdural space, is a possible 

explanation of SDH and non-traumatic primary lobar ICH22). 

Spontaneous ICH is the most common bleeding complication 

in a patient with coagulopathy or on antiplatelet or anticoagulant 

therapy, followed by non-traumatic SDH or infrequent SAH2,7). Al-

though the pathogenesis of non-traumatic SDH with coagulopathy 

or anticoagulant therapy remains unclear, many studies reported 

that the mortality rate in patients with acute or chronic SDH and 

coagulopathy was higher7,13).  

Spontaneous intracranial hypotension (SIH) is another well-

known cause of non-traumatic SDH. SIH is sometimes associated 

with bilateral chronic SDH. The incidence of SDH among SIH pa-

tients ranges from 16% to 57%, predominantly in males, whereas 

SIH without SDH predominantly occurs in females8,14,18,30). Low 

cerebrospinal fluid pressure generates tears in the bridging veins of 

the dural border cell layer, followed by vein rupture5,25). 

Intracranial tumors are a well-known cause of hemorrhage into 

the brain parenchyma. Clinical and autopsy studies have report-

ed that brain tumors were found in 0.9% to 11% of spontaneous 

ICH19,26,29). However, non-traumatic SDH associated with neoplasm 

is believed to occur rarely and has several pathogenesis including 

hemorrhagic effusion from malignant tissue, dural vessel obstruc-

tion by neoplastic cells, angio-demoplastic reaction of the dura to 

tumor infiltration, and direct hematogenous metastasis of malig-

nant tumor17,23,26,29). The incidence of brain hemorrhage from met-

astatic and primary intracranial malignant tumors is similar. Lung 

cancer9), melanoma19), and renal cell cancer28), as well as choriocar-

cinoma24), are implicated most frequently when brain hemorrhage 

results from a metastatic lesion. Oligodendroglioma or GBM pri-

mary intracranial tumors are often reported to be associated with 

hemorrhage4,10,11, 15,16,27). One retrospective study reported that the 

hemorrhage rate for mixed oligodendroglioma/astrocytoma was 

higher than GBM12). 

Most SDHs are generally thought to be caused by head trauma 

and can happen in any age group. Brain CT scans are usually suffi-

cient for diagnosis in cases of traumatic SDH. When a SDH patient 

presents without a history of head trauma, the differential diagnosis 

should include various causes, as mentioned above, and be eval-

uated via neuroimaging modalities including brain MRI and CT, 

and/or MR angiography in addition to complete medical history. 

CONCLUSION 

SDH is typically a sequela of head trauma; however, some cases 

without a definitive history of head trauma. So-called non-traumat-

ic or spontaneous SDH can occur due to various causes like vascu-

lar lesions, neoplasms, coagulopathies, and SIH. When a patient 

suffers from SDH without a clear history of head trauma, it is wise 

to conduct additional examinations, such as CT angiography or 

brain MRI, to help determine the cause of SDH and to plan further 

treatment. 
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INTRODUCTION 

With recent advances in treatment technology, the mortality rate 

from spinal abscesses is decreasing. However, spinal abscesses 

are still unusual and difficult to treat3). In general, spinal abscess 

occurs frequently in the epidural space, but rarely invade as intra-

dural lesions2,7). According to the Massachusetts General Hospital 

With recent advances in treatment technology, the mortality rate of spinal abscesses is de-
creasing. However, spinal abscesses are still unusual and difficult to treat. A 56-year-old wom-
an presented with lower back pain and fever and chills that started two days before the visit. 
Initially, she showed lower limb extremity motor weakness. There was right focal acute pyelo-
nephritis of the upper kidney portion with an associated complicated cyst on abdominal-pelvic 
computed tomography. Klebsiella pneumoniae was cultivated in blood and urine cultures. 
Spine magnetic resonance imaging with contrast enhancement was completed and the results 
showed epidural and subarachnoid space abscess formation in the whole lumbar space. The 
patient was treated with total laminectomy at L2–3 and laminotomy at L4–5 with epidural 
and subarachnoid abscess removal. After surgery, her back pain subsided enough that intrave-
nous morphine was no longer needed. However, lower limb extremity motor weakness was not 
recovered. Antibiotics were administered to treat a potential cerebral nervous system infection 
for nine weeks. At the last follow-up, inflammation levels were normalized and the motor 
weakness in both legs was also normalized with active rehabilitation. This report described an 
epidural and subarachnoid abscess in a middle-aged woman due to urinary tract infection 
sepsis associated with acute pyelonephritis caused by Klebsiella pneumoniae. With proper sur-
gery and adequate antibiotic treatment, the patient’s symptoms improved significantly with-
out any complications. 
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between 1947 and 1974, the annual incidence of spinal epidural 

abscesses has risen in the past 2 to 3 decades from 0.2 to 1 case 

per 10,000 hospital admissions to 2.5 to 5.1 per 10,000 admis-

sions7). This study reports the management of a 56-year-old wom-

an with epidural and subarachnoid spinal abscesses due to acute 

pyelonephritis. 
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CASE REPORT 

A 56-years-old woman with a medical history of acute hepatitis and 

osteoarthritis entered the hospital. She did not have diabetes mel-

litus, and there was no prior spinal intervention history. Her symp-

toms were lower back pain and pain in both flanks that started one 

day before the visit, and fever and chills that started two days before 

the visit. Initially, she showed lower limb extremity motor weakness 

as bilateral hip grade III/V, bilateral knee grade III/V, and bilateral 

big toe/ankle grade IV on the neurologic exam. On the admission 

date, she had a fever of 38°C and chills. On hospital day 1, costover-

tebral angle tenderness appeared in both flanks and the pain was 

more severe on the left than on the right side. An abdominal-pelvic 

computed tomography scan was performed. The results showed 

right focal acute pyelonephritis of the upper portion of the kidney. 

The blood inflammation markers were increased, showing an 

erythrocyte sedimentation rate (ESR) of 85mm/hr (0–10mm/hr), 

a C-reactive protein (CRP) level of 29.11mg/dL (0–1 mg/dL). Kleb-

siella pneumoniae was cultivated in the blood and urine cultures. 

In the department of internal medicine, the antibiotic meropenem 

was administered. 

Spine magnetic resonance imaging (MRI) was performed and 

the results showed an epidural abscess at the L2–3 level causing 

central canal compromise and a ventral dural tear at the L3 lower 

vertebral endplate level with an intradural extension of the abscess 

at the L3-S1 level and combined arachnoiditis (Fig. 1). 

Surgical intervention was needed because of the lower limb ex-

tremity motor weakness and the subdural empyema progression 

in spite of medical treatment. With the patient under general an-

esthesia, the surgery was performed with the patient in the prone 

position on the Jackson table. After confirming the surgical site on 

the radiograph, a dorsal midline incision was made. Total laminec-

tomy at L2–3 and laminotomy at L4–5 were performed to removal 

the spinal abscess. At the L3 vertebral body lower margin level, a 

central ventral dura defect sized at 0.5×0.5-cm and cerebrospinal 

fluid leakage were confirmed. Bilateral L3 dorsal roots swelling was 

seen. After irrigation, wrapping was performed around the dural 

defect using artificial dura. The surgery was completed uneventful-

ly and the patient was taken to the Intensive Care Unit. 

After surgery, back pain subsided enough. However, lower limb 

extremity motor weakness was not recovered. It was perhaps con-

sidered as the effect of dorsal roots swelling during removal of the 

spinal abscess. No growth was seen in the pus culture performed in 

the operation room, so antibiotics treatment was started as an un-

known origin cerebral nervous system(CNS) infection. Ceftriaxone, 

vancomycin and metronidazole antibiotics were administered for 

the patient’s CNS infection. No growth was seen in the follow-up 

blood culture. She exercised for seven weeks and was able to walk 

at the time of discharge. Three months after admission, a postoper-

ative lumbar spine MRI with contrast enhancement was performed 

(Fig. 2). The MRI shows decreased prevertebral phlegmons and 

Fig. 1. (A) Preoperative magnetic resonance imaging (MRI) T1 im-
age of the patient. (B, C) Preoperative lumbar-thoracic spine MRI 
T2 sagittal image and contrast-enhanced MRI T1 sagittal image 
show an epidural abscess at the L2-3 level causing central canal 
compromise and intradural extension of the abscess at the L3-S1 
level and combined arachnoiditis. (D) MRI T2 axial image of the 
spine indicates a ventral dural tear at L3 lower vertebral endplate 
level. (E) MRI T2 axial image of the spine indicates the intradural 
extension of the epidural abscess to the L3-S1 level and combined 
arachnoiditis.

Fig. 2. (A) Postoperative magnetic resonance imaging (MRI) T1 
image of the patient. (B, C) Postoperative lumbar-thoracic spine 
MRI T2 sagittal image and lumbar-thoracic spine contrast-en-
hanced MRI T1 sagittal image of the spine at follow-up 1 month 
after surgery show decreased prevertebral phlegmons and epidural 
abscesses at the L2-3 level. The postoperative changes also show 
remaining phlegmons in the epidural space and arachnoiditis at 
L4-5. (D) MRI T2 axial image of the spine indicates that the ventral 
dural tear at L3 lower vertebral endplate level is repaired and the 
epidural abscess is not seen. (E) MRI T2 axial image of the spine 
indicates that the decreased intradural extension of the epidural 
abscesses to the L3-S1 level.
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epidural abscesses at the L2–3 level with resolved central canal 

compromise and postoperative changes combined with remaining 

phlegmons in the epidural space and arachnoiditis at L4–5. At the 

last follow-up, the inflammatory markers decreased to ESR 21mm/

hr, and CRP 0.1mg/dL. From admission to discharge, meropenem, 

vancomycin, and metronidazole were administered for more than 

one week, and ceftriaxone was administered for nine weeks. 

DISCUSSION 

Spinal epidural abscesses are rare, but an epidural abscess ac-

companied by an intradural abscess is much rarer2,7). Mortality in-

creases if the infection is not controlled by antibiotics or progresses 

further to become meningitis. Therefore, accurate diagnosis and 

treatment are very important. A spinal abscess is an infection, so 

using long-term antibiotics after abscess removal surgery is very 

important. Also, an extensive treatment course is needed to reha-

bilitate the patient. 

Of the spinal abscess patients, 70% are men, and 68% of the 

women are 31 to 70 years old7). The incidence in men was reported 

to be twice that in women7). The primary spinal abscess pathogen 

is Staphylococcus aureus in 70% of the cases and Streptococcus 

in 7%1,2,7). In our case, there was no growth in the abscess culture, 

but the blood and urine cultures indicated Klebsiella pneumoniae. 

This was a very unique case because it was different from the com-

mon reports of spinal abscesses. 

Factors like diabetes mellitus, end-stage renal disease, septice-

mia, human immunodeficiency virus infection, malignancy, ste-

roid use, intravenous drug abuse, alcoholism, distant site infection, 

and an indwelling catheter can cause a spinal abscess2,6,7). In our 

case, the patient had acute pyelonephritis, and the MRI showed 

osteomyelitis and prevertebral phlegmons on L2 and L3. The MRI 

showed a ventral dural tear at L3 of the lower vertebral endplate 

level, suggesting that the formation of the intradural abscess was 

through a dural tear.  

Spinal abscesses are initially treated with antibiotics for a period 

of time. However, when neurological symptoms develop, decom-

pressive surgical abscess removal is required5). Depending on the 

observed clinical and laboratory responses, such as ESR or CRP 

levels, some authors advocate only intravenous therapy for 6 to 8 

weeks, while others suggest parenteral therapy for 6 to 8 weeks and 

oral therapy for more than 2 consecutive months4). After successful 

surgery, we used antibiotics to target Klebsiella pneumoniae for 10 

to 11 weeks and the patient was in a rehabilitation program. After 

rehabilitation, she was able to walk by herself. Although spinal 

abscesses are associated with high mortality, the patient was dis-

charged after a rehabilitation program, indicating a good outcome. 

This report described an epidural and subarachnoid abscess 

in a middle-aged woman due to acute pyelonephritis caused by 

Klebsiella pneumoniae. With surgery and antibiotic treatment, the 

patient’s symptoms improved significantly without any compli-

cations. And the motor weakness that occurred after surgery was 

greatly improved with active rehabilitation. 

CONFLICTS OF INTEREST 

No potential conflict of interest relevant to this article was reported. 

REFERENCES 

1. Chae HJ, Kim J, Kim C: Clinical characteristics of spinal epidural 

abscess accompanied by bacteremia. J Korean Neurosurg Soc 

64:88–99, 2021 

2. Cheon JE, Yang HJ, Chung YN, Park SB: Pyogenic intradural 

abscess of lumbar spine: A case report. Korean J Neurotrauma 

11:18–21, 2015 

3. Lim HY, Choi HJ, Kim S, Kuh SU: Chronic spinal subdural ab-

scess mimicking an intradural-extramedullary tumor. Eur Spine 

J 22(Suppl 3):S497–S500, 2013 

4. Luzzati R, Giacomazzi D, Danzi MC, Tacconi L, Concia E, Vento 

S: Diagnosis, management and outcome of clinically-suspected 

spinal infection. J Infect 58:259–265, 2009 

5. Ma H, Kim I: Clinical outcomes of spinal epidural abscess. Kore-

an J Spine 9:6–11, 2012 

6. Sharfman ZT, Gelfand Y, Shah P, Holtzman AJ, Mendelis JR, 

Kinon MD, et al.: Spinal epidural abscess: A review of presenta-

tion, management, and medicolegal implications. Asian Spine J 

14:742–759, 2020 

7. Tompkins M, Panuncialman I, Lucas P, Palumbo M: Spinal epi-

dural abscess. J Emerg Med 39:384–390, 2010 

www.thenerve.net

Kim DH, et al.   Spinal Epidural and Subarachnoid Abscess

116

https://doi.org/10.3340/jkns.2020.0278
https://doi.org/10.3340/jkns.2020.0278
https://doi.org/10.3340/jkns.2020.0278
https://doi.org/10.13004/kjnt.2015.11.1.18
https://doi.org/10.13004/kjnt.2015.11.1.18
https://doi.org/10.13004/kjnt.2015.11.1.18
https://doi.org/10.1007/s00586-013-2700-1
https://doi.org/10.1007/s00586-013-2700-1
https://doi.org/10.1016/j.jinf.2009.02.006
https://doi.org/10.1016/j.jinf.2009.02.006
https://doi.org/10.1016/j.jinf.2009.02.006
https://doi.org/10.14245/kjs.2012.9.1.6
https://doi.org/10.14245/kjs.2012.9.1.6
https://doi.org/10.31616/asj.2019.0369
https://doi.org/10.31616/asj.2019.0369
https://doi.org/10.31616/asj.2019.0369
https://doi.org/10.31616/asj.2019.0369
https://doi.org/10.1016/j.jemermed.2009.11.001
https://doi.org/10.1016/j.jemermed.2009.11.001


© 2021 The Korean Society of Peripheral Nervous System
     This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION 

Tapia syndrome is characterized by the concomitant unilateral paralysis of 

the tongue and the vocal cord after orotracheal intubation. After Antonio 

Garcia Tapia first named this syndrome in 1904, less than a hundred cases 

were reported. The cause of this disorder is suggested to be compression in-

jury of the 10th and 12th cranial nerves in extracranial portion. Therefore, we 

can say that this syndrome belongs to peripheral postoperative neuropraxia 

of the lower cranial nerves. Symptoms include dysphonia, dysphagia, 

tongue deviation toward affected side. 

We present a patient who suffered from this syndrome after posterior 

approached cervical spine surgery. Thanks to previous reports, we can 

early figure out what happened to our patients and report the progress of 

the disease more precisely as visualized data. In this article we are going to 

show our case focusing on these objective materials. 

Although the rarity of the disease, there is still controversy over the clear 

cause and treatment of the disease. We’d like to present the first compre-

We present a case report of very rare and unfamiliar disease named Tapia syndrome charac-
terized by concomitant unilateral paralysis of the 10th and 12th cranial nerves. Symptoms in-
clude dysphonia, dysphagia, tongue deviation toward affected side. The syndrome occurs after 
orotracheal intubation. A case report of the patient; A 48-year-old Asian man, presented with 
both arm numbness and gait disturbance for 1 year. We planned laminoplasty of cervical 4, 5, 
6, and 7. After the operation, he complained of hoarseness and difficulty in swelling. On his 
physical examinations, uvula and tongue deviation to right is detected. At 8 months after the 
surgery, his clinical symptoms and chief compliant about surgery had disappeared. The mecha-
nism of the disease is unclear. Though the progress of the disease is benign, further evaluation 
to rule out other desperate disease like cerebral infarction is evitable. 

Keywords: Hypoglossal nerve diseases; Intubation; Laminoplasty  
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hensive and systemic report of the disease using previously issued, full-

text available data in this article. 

CASE REPORT 

A case report of the patient; A 48-year-old Asian man, presented with both 

arm numbness and gait disturbance for 1 year. His deteriorating symp-

toms led him to image evaluation. Magnetic resonance imaging (MRI) 

of his cervical spine shows central canal stenosis of C3/4 (Grade II), C6/7 

(Grade III) with changed signal intensity on spinal cord which suggests 

compressive myelopathy and bilateral neural foraminal stenosis of C6/7. 

Positive for Hoffman sign works with images.  

We planned laminoplasty C4, 5, 6, and 7. On operation field we directly 

confirmed severe central stenosis C6/7. Complete decompression and 

fixation wad done. There was no problem when anesthetic induction with 

oral intubation and the patient tolerated well during procedures. 

Immediately after the operation, he complained of hoarseness and 
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swelling difficulty. It is common symptom after oral intubation. But uvula 

and tongue deviation to the right is detected on his physical examinations 

(Fig. 1A, B). This is a complication that has nothing to do with the surgical 

field of view and is not commonly known. 

We checked brain MRI which showed unremarkable findings. We sent 

the patient to a laryngologist to check his vocal cord. On laryngeal exam-

ination, right vocal cord median fixation was noted which suggests nerve 

palsy (Fig. 1C). Referring to previously reported literature, we diagnosed 

the patient with a disease entity of the Tapia syndrome. 

The tongue deviation disappeared 4 months after surgery, but vocal cord 

palsy (VCP) and uvular deviation still remained (Fig. 1E, F). At 8 months af-

ter the operation, the remaining VCP and uvular deviation disappeared, so 

further examination and follow-up were not required. 

DISCUSSION 

1. Characteristics 
To analysis further quantitatively for the disease, we checked all the cases 

of the disease gathering by searching of the PubMed. Only full-text avail-

able, English-language literature were included. Totally 19 reports with 

24 cases were included for the analysis which also included our patient. 

Table 1 shows the details of the reports which include sex, age, operation, 

symptoms, whether to use steroids and rehabilitation 

The median age was 43 years (interquartile range, 30–54) and most peo-

ple were men (87.5%, 21 of 24). The fields of operations are 7 for cervical or 

upper thoracic spine, 6 for shoulder, 5 for nasal septum, 2 for mediastinum, 

2 for neck (abscess drainage), and 2 for the other site. We’d like to noted here 

that all of the analyzed operations are performed not far from the intubation 

position. It can be concluded that all tapia syndrome occurs only in surgery 

around the location where compressive neuropraxia occurs. The deeper 

discussion about this will be mentioned in detail in the discussion on the 

cause of the disease. 

In the direction of the injury of cranial nerve, 12 out of 24 (50%) were 

right and 11 out of 24 (45.83%) were left. There were two cases of bilateral 

direction of injury. There have been several reports that the occurs to the 

left more in the postoperative hypoglossal nerve palsy because of anatom-

ical pathway of the nerve14,16,23), but the data collected in this study could 

not say that there is a dominant direction. 

The 11 patients (45.83%) were given glucocorticoid although the route 

and dosage varied and also 11 patients received postoperative rehabilita-

tion for speech. 

2. Causes 
The cranial nerves IX, X, and XI are anterior to the internal jugular vein 

and posterior to internal carotid artery immediately after they traverse 

the jugular foramen. The recurrent laryngeal nerve (RLN), the terminal 

branch of the vagus nerve at the neck level, provides motor innervation to 

the intrinsic muscles of the larynx except for the cricothyroid muscle and 

sensory innervation of the larynx. 

The hypoglossal nerve is purely a motor nerve responsible for innervat-

ing the extrinsic and intrinsic muscles of the tongue. The nerve is divided 

into 5 segments, and this is medullary, cisternal, skull base, nasopha-

ryngeal and oropharyngeal carotid space, and sublingual. The nerve is 

medial to the cranial nerve IX, X, and XI cranial nerves after they exit the 

cranium through the hypoglossal canal. Cranial nerve XII travels in the ca-

rotid sheath before exiting at the C2 level and traveling anteriorly. Cranial 

nerve XII then travels superior to the hyoid bone to terminate and provide 

motor innervation. 

In previous reports, there is a common opinion that vagus and hypo-

glossal nerve are compressed together at the oro-hypopharynx level as the 

cause of the disease, but the views differ slightly in detail. Some authors 

insisted the these nerve be stretched against anterior surface of the trans-

verse process of C1 if hyperextension of this joint9,19). The others proposed 

the mechanism of the disease by inducing compression in the carotid 

sheath at the C2 level while the neck flexion pushes the mandible ramus 

back during surgery17,22). 

There are several reports that intraoperative position can have an effect. 

Beach chair position on shoulder operation12), Fowler position on nasal 

septum operation or intraoperative position change is reported to have a 

relationship22), but it is not clear how these cause nerve injury. 

Some authors insisted that large throat packs in particular cause direct 

lingual and hypoglossal nerve injury in operation14,19). It is meaningful in 

that the place where throat packing is inserted in the area where the event 

occurs, but a clear causal relationship needs to be confirmed. 

In our institution, X-rays are performed during surgery to accurately 

confirm the surgical level. Fig. 2 is an intraoperative X-ray of this patient in 

our case. The black line in the figure is an imaginary line connecting the 

center of the cervical body with reference to C2, which shows that there 

Fig. 1. Gross and laryngoscope image of the patient with cervical laminoplasty. Immediate post-operative findings of the patient (A) 
tongue, (B) uvula, (C) laryngoscope. Findings at 4 months after the operation (D) tongue, (E) uvula, (F) laryngoscope.
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was no excessive flexion or extension in this patient. In addition, there 

were no reports of changes in posture or throat packing during surgery. It 

is still difficult to explain a direct causal relationship between laminoplas-

ty and this syndrome. 

3. Variations of the Disease 
The strict definition of tapia syndrome is postoperative, unilateral, periph-

eral both RLN and hypoglossal nerve palsy which cause VCP and tongue 

motor palsy respectively. 

Most of the reported cases indicated that the disease was unilateral, but 

there were rare cases that occurred bilaterally6,21). And isolated VCP24,25) 

or hypoglossal nerve damage5,7) cases also have been reported. Although 

most cases reported only VCP due to RLN damage, there are cases with 

uvula and soft palate palsy, including our case18). The pharyngeal branch 

which innervates soft palate and uvula emerges from the vagus nerve 

much above the RLN. 

Besides, there are reports of suspicious chorda tympani nerve or glos-

sopharyngeal injury which presents loss of taste of tongue and lingual 

nerve injury which present hypoesthesia of tongue. 

Taken all above together, the types of postoperative compressive 

neurapraxia occurring at the oropharynx level can vary, and this could be 

defined as tapia syndrome from a broad perspective. 

4. Diagnosis and Treatment 
Basically, it is important to check which cranial nerve palsy is present 

through detailed neurologic examination. In particular, in the case of the 

vagus nerve, the level of injury should be checked. 

As mentioned above, computed tomography or MRI of the brain and 

neck is essential to discriminate central causes which is critical such as 

cerebral infarct, intracranial hemorrhage, carotid artery dissection and to 

exclude possible other causes such as a tumor, abscess formation. 

Since Cariati et al.4) first reported the use of a laryngoscope in this dis-

ease, this procedure is essential because it not only visualizes the VCP, 

but can also discriminate whether it is a symptom of laryngospasm, 

which occurs much more frequently after surgery.  

5. Prevention  
Previous reports proposed several other prevention methods like smooth 

and gentle intubation and extubation, endotracheal cuff pressures, pro-

Table 1. The details of the reports which previously reports of Tapia syndrome

Reference Year Sex Age
Operation Symptoms Use of 

steroids
Rehabili-

tationName Position Direction of 
involved nerves

Other symptoms 
cranial nerve

Boisseau et al.3) 2002 M 42 Shoulder arthroscopy Upright beach chair Lt Soft palate palsy Y Y
Tesei et al.19) 2006 F 3 Rhinoplasty - Rt - Y Y
Uña et al.21) 2009 M 28 Diagnostic anterior mediastinotomy - Bilateral - Y Y
Bo a and Aktas2) 2010 M 35 (Septo) rhinoplasty - Rt Tongue swelling Y N
Nalladaru et al.16) 2012 M 49 Coronary artery bypass surgery - Rt Soft palate palsy Y N
Park et al.17) 2013 M 53 Posterior foraminotomy with discectomy Prone Lt - N N

M 56 Cervical laminoplasty Prone Lt Tongue hypesthesia N N
Lim et al.13) 2013 M 64 Cervical laminoplasty C3–7 Prone Lt - Y N
Emohare et al.6) 2013 M 17 Posterior instrumentation and arthrodesis, 

T1–L1
Prone Bilateral - N N

Kang et al.10) 2013 M 47 Cervical laminectomy Prone Lt Throat pain Y N
Ghorbani et al.9) 2014 M 27 (Septo) rhinoplasty - Lt Aspiration Y N
Ulusoy et al.20) 2014 F 19 (Septo) rhinoplasty - Lt Loss of sense of taste Y Y

M 36 Drainage of a neck abscess - Rt - N Y
Cariati et al.4) 2016 M 61 Drainage of a neck abscess - Rt - N Y

M 42 Shoulder open reduction - Rt Loss of sense of taste N Y
Aytuluk and Akta1) 2018 M 32 Septo (rhino) plasty - Rt - Y Y
Kerolus et al.11) 2018 F 48 Anterior cervical discectomy and fusion Supine Lt Lt facial numbness, 

facial palsy
N Y

Mumtaz et al.15) 2018 M 23 Postoperative oral bleeding and epistaxis - Rt - N Y
Uneda et al.22) 2018 M 51 Internal fixation of a left proximal humeral 

fracture
Upright beach chair Lt - N N

Ghorbani et al.8) 2019 M 3 Cosmetic malar augmentation - Lt - N Y
M 66 Arthroscopic repair of a right rotator cuff tear Upright beach chair Rt - N N

Kraus et al.12) 2019 M 69 Left arthroscopic rotator cuff repair Upright beach chair Lt - N N
M 75 Total shoulder arthroplasty (Rt) Upright beach chair Rt - N N

This study 2021 M 47 Cervical laminoplasty Prone Rt Uvular deviation Y N

M: male; F: female; Rt: right; Lt: left; Y: yes; N: no.

Fig. 2. Intraoperative X-ray of out 
case patient. The black line is an 
imaginary line connecting the center 
of the cervical body with reference 
to C2.
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longed laryngescopy8,12). But based on the previous presentations and the 

causes alleged in this article, It is considered to be the most important to 

keep an appropriate or neutral neck position and to minimize or elimi-

nate neck movement after intubation. 

Little is known about the relationship between throat packing and the 

disease, but alertness should be taken as it is the procedure at the level of 

event which we claimed. 

To cover all areas of prevention, a multidisciplinary approach including 

surgery, anesthesia, laryngology, neurology or neurosurgery, and rehabil-

itation medicine is required. 

CONCLUSION 

Tapia syndrome is a very rare disease concomitant unilateral paralysis of 

the tongue and the vocal cord after orotracheal intubation. Little is known 

about the causes of the disease, but alertness should be taken as it is the 

procedure at the level of event which exist at C2 level. A multidisciplinary 

approach including surgery, anesthesia, laryngology and neurology is re-

quired to prevent and early recovery from the disease. 

Our case is meaningful in that it is the first case showing the course of 

the disease as an image among the reported tapia syndromes, and it is the 

first report that comprehensively analyzes previous cases. More reports 

and evaluations are needed to obtain detailed information on the cause 

and treatment of this disease. 
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INTRODUCTION 

Spinal cord hemangioblastoma (HBL) is a benign, slow-growing tumor 

that consists of stromal cells and small blood vessels1). HBL accounts for 

2% to 15% of primary tumors in the spinal cord, and it arises either spo-

radically or in relation to von Hippel-Lindau disease (VHL)7,14,17). VHL is a 

familial neoplastic condition caused by germline mutations of the tumor 

suppressor gene VHL (3p25)8,16) in most cases. VHL could occur via de 

novo mutation of the VHL gene in approximately 20% of the cases. In 

VHL patients, tumors can occur in the kidneys, adrenal glands, pancreas, 

reproductive organs, retina and central nervous system(CNS) including 

Spinal cord hemangioblastoma (HBL) is a highly vascularized tumor that occurs sporadically or 
in relation to von Hippel-Lindau disease. Sporadic-type HBLs in the spinal cord usually present 
as single lesions that are potentially curable by complete surgical resection, with a low rate of 
recurrence. We report a case of a totally excised sporadic-type spinal cord HBL with multiple 
recurrences observed 10 years after surgery. Long-term follow-up may be necessary for spinal 
cord HBL, even in cases of complete resection. 
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spinal cord16). Approximately two-thirds of spinal HBLs are sporadic, and 

80% of HBLs are solitary. VHL syndrome is suspected in the presence of 

multiple lesions. 

Surgical treatment should be considered for patients with neurologic 

symptoms10). Complete surgical resection is usually curative, sometimes 

with the aid of preoperative embolization for large tumors1). Recurrence 

has been reported in up to 25% of patients with CNS HBLs, and recur-

rence of sporadic HBL after gross total resection (GTR) is rare. Recur-

rences of sporadic HBLs have been associated with prior incomplete 

resection13). In this study, we describe a case of multiple recurrent spinal 

HBLs 10 years after GTR in a patient, despite the absence of evidence of 
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residual tumor 1 year after the operation. 

CASE REPORT 

A 54-year-old male patient visited the outpatient department complain-

ing of bilateral buttock pain that had been present for 5 months. Magnet-

ic resonance (MR) images revealed a 2.6-cm hypervascular intrathecal 

tumor at the L3 level, with tortuous venous engorgement from T10 to the 

sacrum. A spot-like lesion within the venous engorgement was observed 

above the tumor at L2–3 level. The tumor characteristics appeared con-

sistent with spinal cord HBL on the basis of findings from imaging studies 

(Fig. 1). A spot-like lesion was noted and it was thought to be either cross 

section of venous engorgement or a daughter nodule. 

Physical and radiological examinations, including fundus exam, 

ultrasonography of the abdominopelvic organ, brain and whole spine 

MR were proceeded related to VHL syndrome. The results of the tests 

showed no abnormality. VHL is diagnosed if the patient has a family his-

tory of VHL and presence of one VHL associated tumor. If the patient has 

no family history of VHL, multiple VHL associated tumors such as retinal 

or CNS HBL, renal cell carcinoma, pancreatic cysts, and neuroendocrine 

tumors. Genetic study of VHL gene could be supplemented to confirm 

the diagnosis. The patient had no family history of VHL syndrome; 

hence, possibility of VHL could be excluded. 

The patient underwent laminectomy, and the tumor was exposed. 

Upon dura incision, a 2.6-cm hard and well-demarcated mass was ob-

served (Fig. 2). A reddish and hypervascular tumor was located in the 

subpial layer of the filum terminale, and total en bloc resection of the 

mass was performed with a clear resection margin (Fig. 3). 

The operative field was carefully inspected, and tumor seeding and 

daughter nodules were not observed. Histological examination con-

firmed a benign stromal tumor consistent with spinal cord HBL (Fig. 3). 

The patient’s clinical symptoms improved markedly after surgery. MR 

images obtained on postoperative day 1 as well as 1 year after the sur-

gery showed total resection of the tumor with no evidence of residual or 

recurrent tumors (Fig. 4). The spot-like lesion shown at preoperative MR 

imaging (MRI) around the venous engorgement was disappeared as well 

as solid tumor, so we could conclude that the spot lesion meant a part of 

venous engorgement rather than a daughter nodule. 

The patient returned to our clinic complaining of pain in the right leg 

ten years after the surgery. An MR study of the lumbar spine showed an 

Fig. 1. (A) Magnetic resonance image showed a homogenous 2.6 
cm sized well enhancing mass at L3 level and (B) tortuous vascular 
structure from T10 to sacrum is observed.

Fig. 2. Microscopic view of the spinal hemangioblastoma. The tu-
mor was highly vascularized and had solid multiloculated pattern. 
The tumor adhered to the filum terminale, showed no infiltration 
to surrounding tissues. The tumor was completely removed by en 
bloc pattern.

Fig. 3. Tumor tissue obtained from the operation. Microscopic study of the tumor tissue showed stromal cells with clear foamy cytoplasm 
(×400 magnification, middle), and CD56 stained stromal cells (×400 magnification, right). The pathological study was consistent with a 
hemangioblastoma.
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nodules around the L3–4 level were noted (largest, 7.8 mm; Fig. 5). The 

nodules were homogenously enhanced and located along the cauda 

equina. Even though the mass was not pathologically confirmed, the 

diagnosis of delayed recurrence of HBL could be made with characteris-

tic findings of image study. The patient underwent L4–5 discectomy by 

a paraspinal approach because of persistent, radiating pain despite the 

root block. The pain immediately alleviated after surgery. The recurrent 

tumors did not evoke any neurological symptoms requiring treatment. 

Considering the benign nature of spinal cord HBLs, observation of the 

tumors through repeated follow-up imaging studies was planned. If tu-

mor growth is noted, surgical resection or adjunctive radiotherapy can 

be considered as treatment options. 

DISCUSSION 

Spinal HBL is a benign, highly vascularized tumor that can occur sporad-

ically or in relation to VHL7). GTR is the treatment of choice for patients 

presenting with neurological symptoms. Preoperative embolization of 

the tumor may be considered to reduce intraoperative blood loss and 

shrink the tumor to facilitate surgical resection4). Radiosurgery is an op-

tion for treatment in unresectable locations and remnant tumors after 

surgery1). 

VHL-related spinal HBL tends to develop multiple lesions and recurs 

frequently after surgery. In contrast, sporadic-type spinal HBL is a benign 

Fig. 4. Magnetic resonance image of 1 year from the surgery did 
not show any evidence of residual or recurrent tumor. The pain of 
the patient disappeared and he was also neurologically free.

Fig. 5. Follow-up magnetic resonance imaging was performed 10 years after the tumor removal. The patient complained of a pain in the 
right leg. A ruptured disc at L4-5 was found on the right neural foramen (white thick arrow), which was thought to be the cause of the 
radiating pain. The pain was dramatically but temporarily improved after a transforaminal root block. The 4 homogenous well contrast 
enhancing nodules (white arrows, largest: 7.8mm) are observed at L3, L4 level. The mass were along the spinal nerve roots, encroaching 
lateral recess. With considering the radiological characteristics, the nodules were consistent with the diagnosis of be the delayed recur-
rence of the hemangioblastoma.

extraforaminal ruptured disc at L4–5 on the right side (Fig. 5), consistent 

with the patient’s symptoms. In addition, four well-enhancing round 
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tumor, which is thought to rarely recur after GTR7,14). In general, recur-

rence after surgery is associated with subtotal or incomplete resection18). 

There have been previous reports of relapsed HBL after complete 

surgical resection8,14,15). Lee et al.7) reported that microscopic remnants 

during surgical resection or the presence of tumor cells in the cystic 

wall could be related to recurrence in cases of recurrent cerebellar HBL 

without VHL. In posterior fossa HBLs with mural nodules, remnant cys-

tic walls from a previous operation may regrow because of diffusion of 

cerebrospinal fluid. In addition, the presence of multiple satellite lesions 

that cannot be detected in the operative field can become a cause of re-

currence3). The HBLs are usually hypervascular, and excessive bleeding 

may interfere with complete surgical excision. 

Efforts to minimize residual tumors can prevent or reduce tumor 

recurrence. According to Gläsker et al.2), dissection of the tumor from 

the nerve sheath alone is insufficient in avoiding recurrence. Surgeons 

should try to identify and resect the fascicles of origin. Intraoperative 

fluorescence imaging, such as indocyanine green, could be useful in pre-

venting subtotal resection of the tumor. Li et al.9) reported intraoperative 

fluorescence as helpful for effective GTR of spinal HBL, with their results 

showing no postoperative recurrence. Fluorescence angiography could 

help identify subtle lesions located in the intramedullary space9). 

Stereotactic radiosurgery (SRS) is also available for treating spinal 

HBLs. Gamma knife surgery or CyberKnife radiosurgery has been report-

ed as a successful treatment option for remnant, inoperable, and multi-

ple lesions in cranial and spinal HBLs. SRS for recurrent cranial HBLs has 

proven beneficial in both the sporadic and VHL-related types5,11). There 

have been a few studies on the effects of SRS in recurrent spinal HBL cas-

es. In a study by Ryu et al.12), SRS was effective in three recurrent spinal 

HBL cases. For patients who are not candidates for surgery, SRS can be 

regarded as an effective and safe treatment option to control disease and 

improve survival and is an attractive alternative to multiple surgical pro-

cedures11). 

Although surgical resection is the treatment of choice for spinal HBL, 

radiotherapy also plays a role. Fractionated radiotherapy could be useful 

in eloquent areas of the brain, intradural spinal cord lesions, or multiple 

tumors with extensive lesions6). However, radiotherapy has limitations 

such as radiotoxicity. Dose-response relationships have to be closely 

monitored to prevent radiotoxicity. Moreover, in multiple lesions, the 

effective radiation dose differs according to the histopathologic charac-

teristics of each tumor. Therefore, radiotherapy is considered in cases of 

VHL-related spinal HBLs rather than in sporadic types. 

Complete surgical resection of the spinal HBL is the most effective 

treatment to prevent a recurrence. However, tumors can still recur after 

GTR even in sporadic cases. Shin et al.13) reported five recurrent sporadic 

spinal HBL tumors in 16 patients who had undergone prior surgery. 

Among the five patients with recurrent tumors, three patients had under-

gone total resection and the others had undergone subtotal resection. 

The average period of recurrence from surgery was 6.4 years and ranged 

from 1 to 13.1 years. Sun et al.14) reported 14 cases of sporadic spinal HBL, 

and one patient showed a delayed recurrence 15 years after GTR. As-

ymptomatic recurrence may be found incidentally in follow-up imaging 

studies, as in our case. Li et al.8) reported a case of tumor recurrence, not-

ing that all recurrent HBLs presented with neurological symptoms and 

were surgically removed 4.5 years after the initial surgery. Two months 

after the second surgery, another nodular recurrence was found during 

followup MRI. The patient did not complain of any neurological symp-

toms, and the recurrent tumor showed spontaneous growth arrest and 

remained stable for 9 years. 

In our case, we achieved GTR of the tumor using a microscope with-

out any evidence of residual mass in the operative field. Residual tumor 

masses were not observed tumor at one year after the surgery but inci-

dentally multiple-well enhancing masses were found around the previ-

ous tumor lesion and along the cauda equina, ten years thereafter. The 

lesions showed vivid contrast enhancement which suggests that HBLs 

are recurred. HBLs usually arise as solitary expansile masses; however, 

in our case, the tumor had a multilobular appearance and intermingled 

with multiple lumbar roots, which made surgical removal significantly 

more complex. In total, this delayed recurrence might be related to the 

subtle microscopic remnant tumor or tumor seeding that could not be 

identified in the operative field slowly growing over the years. 

Therefore, meticulous observation of the origin and remnants or satel-

lite lesions of the tumor is necessary, especially when surgeons resected 

multilobular mass, to decrease the possibility of recurrence. 

According to the reported articles and our case review, delayed recur-

rent tumors were often discovered several years after surgery. Because of 

the low recurrence rate and slow growth, recurrence may be described as 

having a delayed pattern.  

Therefore, after total resection of HBLs, even in sporadic cases, fol-

low-up imaging studies should be continued for a long time. In particu-

lar, if preoperative HBLs consist of high-risk factors for recurrences, such 

as VHL syndrome, cysts, and a multilobular shape, careful long-term 

follow-up is necessary. Considering the reported cases, follow-up could 

be conducted for up to 10 to 15 years after the surgical excision. 

The limitation of this study is that there were few long-term follow-up 

studies on spinal cord HBL surgery to suggest guidelines for the imaging 

study follow-up. More cases need to be supplemented. Also, the recur-

rence was found ten years after the surgery in our case. The only prior 

imaging study was performed one year after the surgery; due to the time 

gap of the imaging studies, we cannot specify the exact time of recur-

rence. In addition, since the patient did not show any neurologic symp-

toms related to recurrent lesions, we did not perform a second operation 

to confirm the pathologic diagnosis. The diagnosis of recurrence HBLs 

was made based on consistent radiological findings. We could not com-

pletely rule out newly developing VHL syndrome because we did not 

check VHL gene study. Longer follow-up and additional imaging studies 

are planned to surveil the tumor growth. We plan to conduct a genetic 

study to exclude VHL syndrome if the tumor grows as large as the need 

for surgery in the future. 
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CONCLUSION 

Complete surgical excision is the treatment of choice for spinal cord 

HBL. Delayed recurrence may be observed even after GTR in sporadic 

cases. Long-term follow-up should be performed, and resection surgery 

or radiosurgery can be considered in cases of symptomatic recurrence. 
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INTRODUCTION 

While common peroneal nerve entrapment is a well-recognized pa-

thology, symptomatic entrapment of the superficial peroneal nerve 

(SPN) is rare and a more elusive clinical entity with a less established 

treatment plan4). SPN entrapment was first described by Henry6) who 

observed that the pain could be reproduced by compressing the nerve 

at the point where it emerged from the deep fascia. In 1960, Kopell and 

Thompson7) suggested the site of entrapment where the SPN pieces the 

deep fascia in the distal leg. Styf and Morberg12) demonstrated the rarity 

of this entrapment syndrome in 1997. The incidence of SPN entrap-

ment was 3.5% of 480 patients with chronic leg pain. In addition, they 

reported an 80% success rate with decompression of the SPN12). Suc-

The superficial peroneal nerve (SPN) supplies sensory innervation to the lower two-thirds of 
the lateral leg and the dorsum of the foot, with the exception of the first web space. There-
fore, isolated entrapment of the SPN results in pain and sensory deficit of the dorsum of the 
foot or lateral lower leg without corresponding weakness of the peroneus muscle. Although 
entrapment of the SPN passing from the subfacial to the subcutaneous tissue in the peroneal 
tunnel was discovered as early as 1954, there were few reports of treatment of SPN entrap-
ment. We report a case of a 73-year-old patient who presented with chronic numbness and 
allodynia of a 2-year duration due to entrapment of the SPN. Characteristic pain distribution 
and presentation of the symptoms were essential in preoperative diagnosis of SPN entrap-
ment. The SPN and its branches were addressed in the peroneal tunnel and their courses were 
completely decompressed during the operation. Two months after the surgery, tingling pain 
and allodynia were recovered completely. 
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cessful results of SPN decompression have been repeatedly reported 

since the report of Styf and Morberg. 

The diagnosis and treatment of SPN compression have not been as 

clearly defined. Sensory disturbance of the dorsum of the foot or lateral 

lower leg without corresponding weakness of the peroneus muscles is 

hallmark of the entrapment of the superior peroneal nerve1). Diagnosis 

is made mostly based on the clinical symptoms because it is difficult 

to diagnose with nerve conduction studies4,8,12). Because there are 

multiple potential sites of peroneal nerve entrapment, it is difficult to 

ascertain whether potential compression sites are involved or whether 

the nerve is simply aggravated by the more proximal compression1). 

Entrapment of the superficial and common peroneal nerves may be 

concurrent. Franco et al.4) reported that 78% of patients with decom-
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pression of the SPN had been treated previously by common peroneal 

nerve decompression surgery. We report a patient who presented with 

chronic neuropathic pain in the left lower leg and foot, was diagnosed 

with isolated SPN entrapment, and was successfully treated with de-

compression surgery.  

CASE REPORT 

A 73-year-old male patient presented with burning and tingling pain 

in the left ankle and dorsum of the foot lasting 2 years. Two years ago, 

while he was squatting to work, a dull, slightly numb sensation sud-

denly developed in his left lower leg lateral to his shin (Fig. 1). This dull 

pain continued and was uncomfortable, but it did not interfere with 

the movement of the left leg and was not very severe. It lasted for 2 

months and went away spontaneously without any special treatment. 

Six months later, while he squatted back to work, a stiff pain suddenly 

occurred in the previous painful area of his left lower leg. At the same 

time, burning pain and tingling sensation occurred in his ankle, dor-

sum of the foot, and toes (Fig. 1). The pain in his left lower leg and foot, 

which occurred again, did not improve naturally and lasted all day. The 

pain did not cause gait disturbance but got slightly worse as he walked. 

Over time, the stiffness in the left lower leg disappeared gradually, but 

the burning pain in his left ankle and the dorsum of left foot persisted. 

Two years after the occurrence of pain, the pain in the left ankle and 

foot became more severe, which interfered with activities of daily life 

and work. He was diagnosed with lumbar spinal stenosis at several or-

thopedic clinics and was treated with regular medications and epidural 

blocks without any improvement. Finally, electromyography (EMG) 

was recommended at a hospital for suspicion of peripheral nerve ab-

normalities. He was referred to the present author as abnormality in 

the conduction velocity of the SPN was confirmed by the examination. 

On examination, there was no weakness of eversion of the left foot. 

Neither restriction of lumbosacral range of motion nor complaints of 

low back pain and ankle was observed. No tenderness or Tinel sign 

was evoked along the course of the peroneal nerve in the left lower 

leg. However, allodynia to light touch was elicited in his left ankle and 

dorsum of the foot. Mild hypesthesia was observed in the painful area. 

His pain was always present regardless of leg movement and posture 

and did not improve with rest. There was no pain induced by passive 

movement of the knee or ankle. However, he reported that the pain 

worsened after walking and momentarily became very severe when 

squatting. Sciatic root stretch signs were negative and the deep tendon 

reflex was normoactive. 

An EMG and nerve conduction study of the lower extremity per-

formed at one hospital showed an absence of discernible waves in the 

left SPN. However, no abnormality was found in the amplitudes of the 

tibialis anterior and peroneus muscles. Magnetic resonance imaging 

(MRI) of the left knee and ankle did not reveal any lesions that could 

explain the patient’s pain. X-ray findings of the left knee, ankle, and 

foot were nonspecific. Laboratory examinations including erythrocyte 

sedimentation rate, C-reactive protein, rheumatoid factor, antinuclear 

antibody, and creatinine kinase were normal. Considering the course 

of neuralgia of the left SPN and abnormal EMG findings, an exploration 

of the left SPN was performed. 

A 20 cm-long, longitudinal skin incision was made two fingerbread 

ths lateral to the apex of the tibia, centering on the area where the initial 

pain occurred, 10 cm proximal to the lateral malleolus, as previously 

suggested (Fig. 2A)1,4). The anterior intermuscular septum was easily 

identified after dissection of the subcutaneous layer (Fig. 2B). The SPN 

was identified under the fascial envelope lateral to the anterior inter-

muscular septum(Fig. 2B). The superficial fascia was divided longitu-

dinally, revealing a V-shaped interfascial space within which the nerve 

run. In the distal side of the incision, the location of nerve entrapment 

was identified just prior to the bifurcating point into the intermediate 

and medial dorsal cutaneous sensory nerves (Fig. 2C). Proximal dis-

section along the course of SPN did not reveal any suspicious area of 

entrapment. After securing complete dissection of the proximal and 

distal course of the nerve, the fascial septum underlying the nerve was 

divided with four cuts to completely loosen the fascial tunnel (Fig. 2D). 

There were no anatomical variations, such as the passage of the SPN 

within the anterior compartment3). 

The allodynia in the left leg temporarily worsened for 2 weeks after 

the operation and then gradually improved until a month. The patient’s 

condition was stable without any recurrent symptoms at the 12-month 

follow-up at an outpatient clinic.  

DISCUSSION  

1. Anatomy of the SPN and Its Entrapment 
The SPN(superficial fibular nerve) begins at the bifurcation of the com-

mon peroneal nerve. It lies deep to the peroneus longus at first, then 

Fig. 1. Pain distribution of superficial peroneal entrapment. Drawing 
showing initial distribution of pain (left). The black area indicates 
the location of the stiff pain in his left lower leg that he developed 
while squatting 2 years ago. In the right side of the image, black 
area indicates the distribution of allodynic pain in the left ankle, the 
dorsum of the foot, and the toes.
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passed anterio-inferiorly between the peroneus longus and brevis mus-

cles and extensor digitorum longus, and pierces the deep fascia in the 

distal third of the leg11). It divides onto a large medial dorsal cutaneous 

nerve and a smaller, laterally placed, intermediate dorsal cutaneous 

nerve, usually after piercing the deep fascia, but sometimes while it is still 

deep to the fascia11). As the nerve lies between the muscles, it supplies the 

peroneus longus and brevis muscles and the skin of the lower leg. 

The medial dorsal cutaneous nerve passes in front of the ankle joint 

and divides into two dorsal digital branches; one supplies the medial 

side of the hallux and the other supplies the adjacent side of the sec-

ond and third toes10,11). It communicates with the saphenous and deep 

peroneal nerves. The smaller intermediate branch crosses the dorsum 

of the foot laterally. It divides into dorsal digital branches that supply 

the contiguous sides of the third to fifth toes and the skin of the lateral 

aspect of the ankle, where it connects with the sural nerve. Therefore, 

branches of the SPN supply the skin of the dorsum of all the toes except 

that of the lateral sided of the fifth toe (supplied by the sural nerve) and 

the adjoining sides of the great and second toes (supplied by the deep 

peroneal nerves). 

A lesion of the SPN causes weakness of foot eversion and sensory 

loss on the lateral aspect of the leg that extends on to the dorsum of 

the foot. The nerve can be subjected to entrapment as it penetrates 

the deep fascia of the leg and it may also be involved in compartment 

syndrome that affects the lateral compartment of the leg10). The path of 

the SPN varies significantly, traveling through the lateral compartment 

only, the anterior compartment, or both compartments3,10,11). A cadav-

eric anatomical study revealed that the SPN branched before piercing 

the crural fascia in 35% of the specimens, and in all these specimens 

the medial dorsal cutaneous nerve of the foot was located in the ante-

rior compartment while the intermediate dorsal cutaneous nerve of 

the foot was located in the lateral compartment10). In addition, in 35% 

of specimens, the intermediate dorsal cutaneous nerve of the foot was 

absent or did not innervate any toe. The sural nerve supplied the su-

perficial innervation to the lateral half of the foot and toes in 40% of the 

specimens10). 

As it exits though the deep fascia at the distal third of the leg, where 

it divides into the medial and intermediate dorsal cutaneous nerve 

branches, the fascia area where the nerve pass though creates a site for 

entrapment3,5,10,11). This site of stenosis is further exacerbated by muscle 

hypertrophy, displaced fractures, direct trauma, mass effect, edema, 

and inversion injuries10). 

2. Diagnosis 
Sensory disturbance of the dorsum of the foot or lateral lower leg with-

out corresponding weakness of the peroneus muscles is hallmark of 

the entrapment of the superior peroneal nerve1). The pain is aggravated 

by forceful inversion of the foot, which causes traction of the nerve 

against its entrapment site as it pierces the deep fascia of the distal leg. 

In addition, exacerbation of the symptoms by walking and exercise is 

common. Positive Tinel sign and transient improvement of the pain 

by local blockade of the SPN are diagnostically useful1,8). The reported 

etiologies of SPN entrapment include muscle herniation, trauma, mass 

lesions such as lipoma and varicose vein, and idiopathic8). 

Nerve conduction studies may be useful in demonstrating a lo-

cal conduction defect along the course of the SPN in the absence of 

findings at the fibular head1,2,9). The normal function of the extensor 

digitorum brevis (EDB) is expected with preserved first web space sen-

sation1,2,9). Except for the cases with mass lesions, the use of MRI, ultra-

sound, and other imaging modalities is not routinely performed4).  

3. Considerations in Surgical Treatment  
To prevent placing the SPN under tension, conservative treatment in-

volves immobilization and limiting inversion and plantar flexion10). A 

corticosteroid injection can be diagnostic and therapeutic. If conserva-

tive treatment fails, then surgical treatment involves the release of the 

entrapment site of the SPN10). 

Fig. 2. Intraoperative findings during decompression of left super-
ficial peroneal nerve. (A) A photograph showing the location of 
the skin incision marked on the anterolateral aspect of the distal 
leg along the expected path of the superficial peroneal nerve. (B) 
Initial exposure following dissection of the subcutaneous layer and 
the superficial peroneal nerve. The superficial peroneal nerve (white 
arrows) was identified in the lateral compartment after opening of 
the superficial fascia, lateral to the anterior compartment (black 
arrows). The peroneus longus muscle (white star) is visible just be-
low the superficial peroneal nerve. (C) A photograph showing the 
branching of the superficial peroneal nerve in its distal peroneal 
tunnel. The medial dorsal cutaneous nerve of the foot (white ar-
row) and the intermediate dorsal cutaneous nerve of the foot (black 
arrow) are addressed. (D) A photograph showing complete dissec-
tion of the superficial peroneal nerve (white arrows). The anterior 
intermuscular septum(black arrows), which partitions the anterior 
and lateral compartments, was subjected to both longitudinal and 
transverse incisions so that the peroneal tunnel was sufficiently 
decompressed. LM: lateral malleolus.
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The first thing to consider when performing decompression surgery 

is that the entrapment of the SPN may be multiple. As can be seen in 

the report of Franco et al.4), 78% of their patients who underwent SPN 

decompression surgery had combined simultaneous decompression of 

the common peroneal nerve. They hypothesized that an area proximal 

to the compression site might render areas further downstream more 

susceptible to compression (double crush phenomenon)4,8). Indeed, 5 

patients reported in another case series also underwent common pe-

roneal nerve decompression prior to SPN decompression8). According 

to Franco et al.4), those patients who had only decompression of the 

SPN without common peroneal release showed negative provocative 

maneuvers at the fibular head region, no motor weakness, and no elec-

trophysiological evidence of motor disturbance. In the present case, no 

motor weakness was clinically confirmed, only sensory symptoms and 

pain of the SPN distribution, and no motor disturbance was identified 

in the EMG. In addition, as no mass lesion was found in the MRI, only 

decompression surgery of the SPN was performed. 

The next consideration when performing decompression for the 

SPN entrapment is the possibility of anatomical variation of the nerve 

and complete decompression of its proximal and distal course1,3,10). An 

important anatomical variation to recognize is the accessory peroneal 

nerve from the SPN, which contributes innervation to the EDB in ap-

proximately one-third of the population2,9). Long incisions in the front 

of the lower leg (up to 18 cm), as suggested by experienced authors1), 

may be a little burdensome. However, a long incision along the course 

of the SPN seems inevitable to ensure complete decompression of the 

nerve penetration site of the deep fascia and to check the anatomical 

variations and possible communication branches leading to the anteri-

or compartment1,3,10). For example, in Matsumoto et al.’s report8), a small 

incision in the first operation for SPN entrapment focused on the fas-

cial entrapment site caused an insufficient nerve resulted in recurrence 

of the symptoms requiring additional decompression. A fasciotomy for 

the anterior and lateral compartment was recommended for complete 

loosening of the fascial entrapment site of the SPN and the fascial tun-

nel1,4). Some authors recommend decompression of all three sites of 

possible entrapment of the superficial peroneal and common peroneal 

nerve pathways for successful pain relief1). 

CONCLUSION 

The entrapment of the SPN is a rare cause of leg and foot pain. Symp-

toms of SPN entrapment are of paramount importance for diagnosis. 

Understanding the anatomical variation of the nerve and complete 

decompression are thought to be important for successful treatment. 

CONFLICTS OF INTEREST 

No potential conflict of interest relevant to this article was reported. 

REFERENCES 

1. Boyd KU, Brown JM. Injury and compression neuropathy in the low-

er extremity. In: Mackinnon SE, Yee A eds. Nerve surgery. New York, 

NY: Thieme, 2015, pp338–390 

2. Craig A: Entrapment neuropathy of the lower extremity. PM R 5:S31–

S40, 2013 

3. Ducic I, Dellon AL, Graw KS: The clinical importance of variations 

in the surgical anatomy of the superficial peroneal nerve in the mid-

third of the lateral leg. Ann Plast Surg 56:635–638, 2006  

4. Franco MJ, Phillips BZ, Lalchandani GR, Mackinnon SE: Decom-

pression of the superficial peroneal nerve: clinical outcomes and 

anatomical study. J Neurosurg 126:330–335, 2017 

5. Grear BJ. Neurogenic disorders. In: Azar FM, Beaty JH eds. Camp-

bell’s operative orthopaedics, 14th. Philadelphia, PA: Elsevier, 2021, 

pp4345–4381 

6. Henry AK. Extensile exposure. Edinburgh, UK: E & S Churchill Liv-

ingstone, 1945 

7. Kopell HP, Thompson AL: Peripheral entrapment neuropathy of the 

lower extremity. N Engl J Med 262:56–60, 1960 

8. Matsumoto J, Isu T, Kim K, Iwamoto N, Yamazaki K, Isobe M: Clin-

ical features and surgical treatment of superficial peroneal nerve 

entrapment neuropathy. Neurol Med Chir (Tokyo) 58:320–325, 2018 

9. Preston DC, Shapiro BE. Peroneal nerve palsy. In: Preston DC, Sha-

piro BE eds. Electromyography and neuromuscular disorders, 2nd. 

Philadelphia, PA: Elsevier, 2005, pp343–354 

10. Solomon LB, Ferris L, Tedman R, Henneberg M: Surgical anatomy 

of the sural and superficial fibular nerves with an emphasis on the 

approach to the lateral malleolus. J Anat 199:717–723, 2001 

11. Standring S. Gray’s anatomy: The anatomical basis of clinical prac-

tice, 42nd. New York, NY: Elsevier, 2020 

12. Styf J, Morberg P: The superficial peroneal tunnel syndrome. Results 

of treatment by decompression. J Bone Joint Surg Br 79:801–803, 

1997 

www.thenerve.net

Kim J, et al.   Entrapment Neuropathy of the Superficial Peroneal Nerve

129

https://doi.org/10.1097/01.sap.0000203258.96961.a6
https://doi.org/10.1097/01.sap.0000203258.96961.a6
https://doi.org/10.1097/01.sap.0000203258.96961.a6
https://doi.org/10.2176/nmc.oa.2018-0039
https://doi.org/10.2176/nmc.oa.2018-0039
https://doi.org/10.2176/nmc.oa.2018-0039
https://doi.org/10.1046/j.1469-7580.2001.19960717.x
https://doi.org/10.1046/j.1469-7580.2001.19960717.x
https://doi.org/10.1046/j.1469-7580.2001.19960717.x
https://www.ncbi.nlm.nih.gov/pubmed/9331039
https://www.ncbi.nlm.nih.gov/pubmed/9331039
https://www.ncbi.nlm.nih.gov/pubmed/9331039


General Information

1. The Nerve is the official journal of the Korean Society of 

Peripheral Nervous System, and electrically published 

twice a year (30th April, 31st October). This Journal publish-

es important issues covering all aspects of the peripheral 

and central nervous systems. Laboratorial investigations, 

original research articles, studies on valuable cases, tech-

nical notes of special surgical tactics or editorials in the 

field of neurosurgery, neurology and neuroscience are 

acceptable. All submitted manuscripts are peer-reviewed 

and review articles can only be published upon specific 

request of the editorial board. Authors can publish special 

drafts with the approval from the editorial board. Case re-

ports should be brief, and avoid an extensive review of the 

literature.

2. It should be assured that authors must not simultane-

ously submit an identical or similar paper for publication 

elsewhere. Multiple publication is acceptable only in the 

case of meeting the criteria of Uniform Requirements 

for Manuscripts Submitted to Biomedical Journals (Ann 

Intern Med 108: 258-265, 1988). Manuscripts must be 

prepared in accordance with Uniform requirements for 

Manuscripts submitted to Biomedical Journal developed 

by International Committee of Medical Journal Editors 

(February 2006).

3. Clinical and laboratory research should be approved by 

the Institutional Review Board (IRB) or research board of 

the affiliated institution. Editorial board may request the 

approved number of IRB.

Language

1. All manuscripts must be written in English. Authors 

should minimize the use of English abbreviations. When 

abbreviations are used, full expression of the abbreviation 

following abbreviated word in parentheses should be giv-

en at first use. When spelling out loanwords, it should fol-

low loanword orthography (Notification No. 85-11 of the 

Ministry of Education), and when spelled out into foreign 

words, should conform to the Romanization rule (Notifi-

cation on Jul 7, 2000). Terms should be noted in English 

when used in tables, figures, or illustrations.

2. All units should be given in metric system (The Interna-

tional System of Units: SI units).

Submission and Revision of Manuscript

1. All papers must be submitted by corresponding author 

and then review process will be also achieved with corre-

sponding author. Authors are requested to submit their 

paper via our online submission system. Authors should 

upload their articles in Microsoft (MS) Word (2007 or 

higher version). Authors, reviewers, and editors send and 

receive all correspondence by e-mail and no paper corre-

spondence is necessary.

2. Authors should upload the copyright release/author 

agreement form, authors check list and disclosure of con-

flict of interest form (http://thenerve.net) via our submis-

sion system.

3. Author information - The list of the authors in the man-

uscript should include only those who were directly in-

volved in the process of the work. Authors can refer to the 

guideline by Harvard University in 1999 to find details on 

authorship. (http://www.hms.harvard.edu/integrity/au-

thorship.html)

4. The manuscript should be composed of approximately 

6,000 English words (not to exceed 10 pages of the journal) 

for clinical and laboratory studies, 3,000 English words for 

case reports and technical notes (not to exceed 5pages of 

the journal). It should be composed of 600 English words 

for letters to the editor. Manuscript should be typed in A4 

size white paper with double spaced (200%), and font size 

of 11 point with margins of 3 cm on each side.

5. The editorial board will decide on the approval for publi-

cation of the submitted manuscripts, and can request any 

further corrections, revisions, and deletions to the article 

text if necessary.

6. All fees regarding the review, publishing and re-printing of 

the manuscript will be determined by the editorial board 

and should be deposited as stated.

7. For a better English copyediting, proofreading from pro-

fessional editing company is recommended. Reviewers 

can require professional editing if the language or context 

Instructions for Authors
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of the study is poor.

Copyright and Creative Commons Attribution 
License

Copyrights of all published materials are owned by the Ko-

rean Society of Peripheral Nervous system and must not be 

published elsewhere without written permission. The Nerve 

also follow the Creative Commons Attribution Non-Commer-

cial License of CC BY-NC 4.0 (Creative Commons — Attribu-

tion-NonCommercial 4.0 International — CC BY-NC 4.0)

Publication Processing Fees

There are no submission fees required regardless of the type 

of article.

Manuscript Preparation

1. Title page
The title page should be composed of external and internal 

title pages.

The external title page should contain the article title, and 

full names of all authors with their institutional affiliations 

in English. The type of manuscript (Clinical research, Lab-

oratory study, Case report, Technical note, Review article) 

should be also addressed. When the work includes multiple 

authors with different affiliations, the institution where the 

research was mainly conducted should be spelled out first, 

then be followed by foot notes in superscript Arabic numer-

als beside the authors’ names to describe their affiliation in 

a consecutive order of the numbers. Running head must be 

included consisting of no more than 65 characters/spaces. 

The external title page should also contain the address, tele-

phone and facsimile numbers, and e-mail address of the 

corresponding author at the bottom of the page, as well as 

information on the previous presentation of the manuscript 

in conferences and funding resources, if necessary. The ex-

ternal title page should be a separate file.

The internal title page should only contain the article title 

in English. The internal title page must not contain any in-

formation on the names and affiliations of the authors.

2. Manuscript format
The article should be organized in the order of title, abstract, 

introduction, materials and methods, results, discussion, 

conclusions, references, tables, and figures or illustrations. 

Case reports should consist of an Abstract, Keywords, Intro-

duction, Case description, Discussion, and References. Also, 

case reports should have fewer than nine authors. Manu-

script format may vary in review articles and special drafts.

3. Abstract
All manuscripts must contain an abstract. Objective, Meth-

ods, Results, and Conclusion sections should be included 

in clinical or laboratory research, but are not necessary in 

other types of studies such as case reports. The abstract 

should include brief descriptions on the objective, methods, 

results, and conclusion as well as a detailed description 

of the data. An abstract containing 400 words or less is re-

quired for original articles and review articles and 250 words 

for case reports and technical notes. A list of key words, with 

a maximum of six items, should be included at the end of 

the abstract. The selection of Key Words should be based on 

Medical Subject Heading (MeSH) of Index Medicus and the 

Web site (http://www.nlm.nih.gov/mesh/MBrowser.html).

4. Introduction
The introduction should address the purpose of the article 

concisely, and include background reports mainly relevant 

to the purpose of the paper. Detailed review of the literature 

should be addressed in the discussion section.

5. Materials and Methods
The article should record research plans, objective, and 

methods in order, as well as the data analysis strategies and 

control of bias in the study. Enough details should be fur-

nished for the reader to understand the method(s) without 

reference to another work in the study described.

When reporting experiments with human subjects, the 

authors should indicate whether they received an approval 

from the Institutional Review Board for the study. When 

reporting experiments with animal subjects, the authors 

should indicate whether the handling of the animals was 

supervised by the research board of the affiliated institution 

or a similar one. Photographs disclosing patients must be 

accompanied by a signed release form from the patient or 

family permitting publication.

We endorse the principles embodied in the Declaration of 

Helsinki and expect that all investigations involving human 

materials have been performed in accordance with these 

principles. For animal experiment, “the Guiding Principles 
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in the Care and Use of Animals” approved by the American 

Physiological Society have to be observed. Explanation of the 

experimental methods should be concise and sufficient for 

repetition by other qualified investigators. Procedures that 

have been published previously should not be described 

in detail. However, new or significant modifications of pre-

viously published procedures need full descriptions. The 

sources of special chemicals or preparations should be given 

along with their location (name of company, city and state, 

and country). Method of statistical analyses and criteria of 

significance level should be described. In Case Reports, case 

history or case description replace the Materials and Meth-

ods section as well as Results section. Please inform us the 

approved number of IRB when you submit the manuscript.

6. Results
The authors should describe logically their results of obser-

vations and analyses performed using methodology given in 

the previous section and provide actual data. For biometric 

measurements in which considerable amount of stochas-

tic variation exists a statistical treatment should be used in 

principle. The result section should include sorely the find-

ings of the current study, and not refer to previous reports. 

While an effort should be made to avoid overlapping de-

scriptions by Tables and by main text, important trends and 

points in the Table should be described in the text.

7. Discussion
Discussion should contain contents regarding the findings of 

the research and interpretations in relation to other studies. 

It is necessary to emphasize the new and critical findings of 

the study and not to repeat the results of the study presented 

in the previous sections. The meaning and limitation of ob-

served facts should be described, and the conclusion should 

be related to the objective of the study only when it is sup-

ported by the results of the research. It is encouraged for the 

authors to use subheadings in the discussion section so that 

the readers can follow the logical flow of the authors’ thought.

8. Conclusion
The conclusion section should include a concise statement 

of the major findings of the study in accordance with the 

study purpose.

9. References
a. Only references cited in text must appear in the reference 

list and marked in the form of superscript at the end of 

the sentences they were used in text (example: refer-

ence10,16-19)

b. All references should be alphabetized by the first author’s 

last name.

c. The number of references should be 30 or less for a clini-

cal/ laboratorial study and 20 or less for a case report.

d. When a work has six or less authors, cite the names of all 

authors. When a work has over six authors, cite the first 

six authors’ name followed by “et al.” Abbreviations for 

journal titles should be congruent with the style of Index 

Medicus. A journal title with one word does not need to be 

written out in abbreviation. The styles of references are as 

follows:

· Journal

Yang HJ, Lee DH, Lee YJ, Chi JG, Lee JY, Phi JH, et al.: Sec-

ondary neurulation of human embryos: morphological 

changes and the expression of neuronal antigens. Childs 

Nerv Syst 30: 73-82, 2014

· Book

Conover WJ: Practical Nonparametric Statistics, ed 2. 

New York: Jon Wiley & Sons, 1971, pp216-218

· Chapter in a book

Fischberg GM, Mohammadi A, Suzuki S, Fisher M. Diag-

nosis and management of moyamoya disease. In: Cohen 

SN, ed. Management of Ischemic Stroke. New York: Mc-

Graw-Hill; 2000; 291-310

10. Tables, figures, and illustrations
a. Tables and figure legends should be included below the 

references pages at the end of the paper, but figures should 

be submitted separately from the text of paper.

b. Table should be simple and should not duplicate infor-

mation in figures. Title all tables and number them with 

Arabic numerals in the order of their citation. Type each 

table on a separate sheet. Describe all abbreviations. Each 

column should have an appropriate heading, and if nu-

merical measurements are given, the unit should be add-

ed to column heading. The significance of results should 

be indicated by appropriate statistical analysis. Table 

footnotes should be indicated with superscript markings. 

When remarks are used to explain items of the table, the 

markers should be given in the order of *, †, ‡, §, ∥. Tables 

cannot be submitted in a picture format.

c. Photographs should be submitted individually (Namely, 

if Figure 1 is divided into A, B, C and D, do not combine it 
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into one, but submit each of them separately). Allowable 

file format for figures are JPG or TIF(TIFF) only. Figures 

should be named according to figure name (example: Fig-

1A.tif ). If the quality of the photographs is considered as 

inappropriate for printing, re-submission of them can be 

requested by the journal. Authors should submit figures 

in black and white if they want them to be printed in black 

and white. Total file size of all figures should not exceed 

5MB for review purpose. If your manuscript is accepted 

for publication, editorial office can request you to upload 

figure files of highest quality for printing. Line art should 

have resolution of 1,200 dpi or more in JPG or TIF format.

d. Cover illustrations: Of their works, authors can submit art to 

be considered as a cover illustration along with the article.

11. Letters to the editor or commentary letters
Authors can submit a sound critic or opinion for the specific 

article published in the journal, topic of general interest to 

neurosurgeons, personal view on a specific scientific issue, 

departmental announcements or changes, conference 

schedules, or other information of the clinical fields.

12. Review articles
The authors and topics for review articles will be selected by 

the editorial board. Review articles should also undergo the 

review process.

13. Special articles
Special articles are devoted to providing updated reports by 

specialists in various fields or significant issues (e.g. history 

of the field) for the members of the society. The authors and 

topics of special drafts will be assigned and specially re-

quested by the editorial board.

Publication and Reprints

a. Once a manuscript is accepted for publication by the 

journal, it will be sent to the press, and page proofs will be 

sent to authors. Authors must respond to the page proofs 

as soon as possible after making necessary corrections of 

misspellings, and the location of the photographs, figures 

or tables. Authors can make corrections for only typing er-

rors, and are not allowed to make any author alteration or 

substantive changes of the text. Proofs must be returned to 

the press within 72 hours of receipt. No response from the 

authors within this time frame will lead the publication of 

the proof read without corrections, and the editorial board 

is not responsible for any mistakes or errors occurring in 

this process.

b. We currently have on-line publication policy, and there 

will be publication fee when accepted for publication. A 

reprint form of PDF files is provided to authors.

Author Checklist

a. Before submitting the manuscript, authors should dou-

ble-check all requirements noted in the agreement form 

regarding the registration and copyrights of their manu-

script. A manuscript that does not fit the author instruc-

tions of the journal regarding format and references will 

be returned to the authors for further correction.

b. The page numbers in the manuscript should be counted 

from the page with the abstract, and the name and affilia-

tion of the authors should not appear thereafter.

c. Author check list should be prepared, signed by corre-

sponding author, submitted with manuscripts. Relevant 

forms can be downloaded at the journal site.

Research and Publication Ethics

Before submitting any form of study, The Nerve, expects all 

authors to fully understand our ethics policies and be aware 

of the consequences if the terms are not met. There are 

growing concerns regarding increasing number of ethical 

issues in the academic field. Thus, strict guidelines are listed 

below in order to prevent any form of ethical misconduct. 

Nevertheless, the guideline proposed in this journal is for 

prevention not for persecution. Authors must be aware of 

the ethical policies since incidences of copyright issues, 

plagiarism, redundant publication is usually due to lack of 

understanding rather than fraudulent intent.

The Nerve is in accordance with the strict ethics guide-

lines recommend by the Council of Science Editors (http://

www.councilscienceeditors.org), International Committee 

of Medical Journal Editors (ICMJE, http://www.icmje.org), 

World Association of Medical Editors (WAME, http://www.

wame.org), and the Korean Association of Medical Journal 

Editors (KAMJE, https://www.kamje.or.kr/en/main_en). 

Also, The Nerve, will follow the guidelines by the Committee 

on Publication Ethics (COPE) for settlement of any mis-

conduct. If ethical misconduct is in fact found, the editorial 

board of The Nerve will not take it lightly. We will not hesi-
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tate to publish errata, corrigenda, clarifications, retractions, 

and request apologies. Also, there can be possible sanctions, 

notification to other editors of other biomedical journals, 

and depending on the severity of the allegation, notify the 

author’s institution

1. Authorship
The Nerve follows the International Committee of Medical 

Journal Editors (ICMJE) criteria of authorship. All persons 

designated as authors should qualify for authorship, and will 

be required to submit a statement confirming that they meet 

the authorship criteria.

The order of authorship should be a joint decision by all 

the co-authors. Every author should have participated suffi-

ciently in the work to take public responsibility for the content.

Authorship credit should be based on authors fulfilling 

four criteria:

1. substantial contribution to conception and design, exe-

cution, or analysis and interpretation of data;

2. drafting the article or revising it critically;

3. reading and approval of the final version;

4. agreement to be accountable for all aspects of the work 

in ensuring that questions related to the accuracy or 

integrity of any part of the work are appropriately inves-

tigated and resolved

Acquisition of funding, collection of data, or general 

supervision of the research group alone does not, in them-

selves, constitute authorship.

All non-authors who have made substantial contributions 

(including writing and editing assistance) must be named 

in the Acknowledgements and must have given permission 

to be named. Changes to the authorship list are not allowed 

after a paper has been accepted.

Members of the Data and Safety Monitoring Board (DSMB) 

(or Data Monitoring Committee [DMC]) should be indepen-

dent of the trial and not be involved in the preparation of the 

manuscript for publication or act as an author on the paper.

For studies involving a large multicenter group, the group 

should jointly make a decision about authorship by listing 

only those members who qualify for authorship and are will-

ing to accept responsibility for the manuscript as authors. 

List the other members of the group who have contributed 

to the study in the Acknowledgements section including 

their name and town. The National Library of Medicine 

(NLM) indexes the group name and authors and lists the 

names of collaborators if listed in Acknowledgements.

The involvement of a group in the authorship list should 

be indicated by the connector and with the name of the 

group, and all authors must be aware and agree to the sub-

mission of the paper to the Journal.

When the study has been carried out on behalf of a group, 

the connector for should be used in the authorship list.

Contributors from the collaborating group(s) or investiga-

tors in the study can be listed in the appendix.

When the authorship list contains a group name but no 

individual names, all members of the group must qualify for 

authorship and the members of the group listed in the ac-

knowledgement section (including their name and town).

It is not recommended to submit an article that is con-

ducted in collaboration with people with personal connec-

tions if not absolutely necessary. As stated we strictly follow 

the conduct of ICMJE for authorship. Authors need to take 

extra care if the person or people with personal connec-

tions is under 19 years of age. Before submission authors 

must contact the editor in chief via e-mail for the disclosure 

form for Involving People with Personal Connections. If the 

subject of the study seems not fit for the involved persons, 

the editor in-chief will reject the study that is to be submit-

ted. Researchers should try to prevent any appearance of 

research misconduct when involving people with personal 

connections in research or publishing papers with them at 

all times.

2. Conflicts of Interest
The Nerve’s policy requires that every author disclose any 

direct or indirect financial or personal interests. All papers 

when submitted should contain a disclosure statement 

indicating any potential conflicts of interest that might con-

stitute an embarrassment to any of the authors were it not 

declared and emerged after publication.

The Journal encourages authors to err on the side of full 

disclosure. Such conflicts might include, but are not limited to:

· shareholding in a company,

· receipt of a grant, or

· consultancy fee from a company whose product features 

in the submitted manuscript or manufactures a competing 

product.

See the World Association of Medical Editors (WAME) 

policy statement on conflicts of interest for more informa-

tion of the different types of conflicts.

If no conflicts of interest are declared, then this should be 

stated in the article. On acceptance of a manuscript authors 
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are also required to complete an author disclosure form.

The aim of the disclosure statement is not to discourage 

authors from involvement with or from receiving financial 

support for their scientific work from commercial sources. 

Rather, it is designed to maintain the scientific and profes-

sional integrity of the Journal and ensure transparency.

If conflicts of interest become known from other sources 

after a manuscript has been submitted or published, the 

Journal may investigate the allegations and appropriate ac-

tion may be taken on a case-by-case basis.

3. Patient Consent
Informed Patient Consent

The Nerve follows the ICMJE guidelines for reporting about 

patients. Patients have a right to privacy that should not be 

infringed without prior informed consent.

Identifying information should not be published in writ-

ten descriptions, photographs and pedigrees unless the in-

formation is essential for scientific purposes and the patient 

(or parent or guardian) has given written informed consent 

for publication. Informed consent for this purpose requires 

that the patient be shown the manuscript to be published.

When informed consent has been obtained, please indi-

cate this in the published article.

Mandatory patient consent form

For publication of material that contains detailed patient 

information about a living individual, it is compulsory for a 

signed patient consent to be obtained irrespective of wheth-

er there are any photos of the patient.

Images of patients

For publication of pictures of patients when there is any 

chance the patient may be identified from the photo/image 

or legend, consent is required from the patient.

The Editorial Board reserves the right to reject papers for 

which the ethical aspects are, in the Board’s opinion, open 

to doubt.

4. Availability of data and materials
A condition of publication in The Nerve is that the authors 

agree to make materials, data and associated protocols 

promptly available to readers if requested. Where reagents 

are not available commercially, authors must make these 

freely available to academic researchers for their own use. 

If there are any restrictions on materials/data, authors must 

disclose this at the time of submission.

5. Publishing misconduct
An article is reviewed for publication on the understanding 

that the work it represents has not been submitted for pub-

lication elsewhere. All authors will be required to submit a 

statement confirming that the manuscript represents orig-

inal work that has not been published, accepted or is cur-

rently being considered for publication elsewhere except as 

an abstract. If you have submitted your manuscript and are 

awaiting a decision, please do not submit elsewhere. Dupli-

cate submissions is a strain on reviewers and journal office 

resources.

If the work or an abstract of it has been previously pub-

lished, for instance, in another language, then this fact should 

be made clear in the covering letter. Authors must declare, and 

submit copies of, any manuscripts in preparation or submitted 

elsewhere that are closely related to the manuscript to be con-

sidered. Duplicate or redundant publication is considered a 

serious form of misconduct and may be reported to employing 

institutions and funding bodies, or lead to a public notice in 

the Journal. If duplication is suspected, the publication will be 

checked through CrossCheck (https://www.ithenticate.com).

Plagiarism of other people’s words/ideas is a serious sci-

entific misconduct. Plagiarism is the unauthorized use of 

others published or unpublished words or ideas and pre-

senting them as your own original work. Such work includes 

abstracts, research grant applications, ethics committee ap-

plications, or unpublished or published manuscripts in any 

publication format (print or electronic).

Salami publications (papers that have overlapping data with 

another paper by the same authors) are discouraged.

Data fabrication is also a serious violation to the ethics 

policy of The Nerve. It is often difficult to find the aspects of 

tampered data, since reviewers do not have full access to the 

initial raw data. However, since it can be used to strength-

en a study’s hypothesis which can affect the whole area of 

science, the Editor may request raw data, copies of relevant 

correspondence (e.g. ethical approval) or an explanation 

from the authors if they have concerns about a manuscript.

The Nerve takes publication ethics very seriously. If mis-

conduct is found or suspected after the manuscript is pub-

lished, the journal will investigate the matter and this may 
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result in the article subsequently being retracted.

6. Image manipulation
The Nerve does not allow certain electronic enhancements or 

manipulations of micrographs, gels, or other digital images.

Figures assembled from multiple photographs or images 

must indicate the separate parts with the lines between them.

Linear adjustment of contrast, brightness, or color must be 

applied to an entire image or plate equally and are allowed 

as long as they do not obscure, eliminate or misrepresent 

any information present in the original.

Nonlinear adjustments must be specified in the figure leg-

end. Selective enhancements or alterations of one part of an 

image are not acceptable.

When suspicions are raised regarding the authenticity of 

an image it is the Journal¡¯s policy to investigate. The Nerve 

may ask authors to provide additional documentation of 

their primary data and/or for copies of the original figures.

7. Ghost writing and writing assistance
Ghost writing is when someone has made a substantial con-

tribution to the research, writing or editing of a manuscript 

and this role is not mentioned in the paper. Such writers are 

contributors to the manuscript and if they are not included 

in the authorship list their involvement, affiliations and any 

funding that was provided for their assistance should be in-

cluded in the acknowledgement section of the paper.

8. Study design: ethical approval and patient consent
All manuscripts in which experiments on patients or healthy 

volunteers, patients’ case histories or use of genetic material 

are reported should contain a statement that:

· the subjects’ written consent was obtained according to the 

Declaration of Helsinki (updated 2008), and 

· the study has been approved by a local ethics committee/

institutional review board (IRB) or that it conforms to stan-

dards currently applied in the country of origin; the name 

of the authorizing body should be stated in the paper.

All manuscripts in which experiments on animals are 

reported should include a statement that the experiments 

were conducted with full compliance with local, national, 

ethical, and regulatory principles and local licensing regula-

tions. The name of the authorizing body should be stated in 

the paper.

Also, when conductig experiments on both animals and 

humans, specific characteristics must be mentioned (Spe-

cies, Ethnicity, Gender, Type of cells, age of donator of spe-

cific cells). If these factors are not necessary for the study it 

must be stated.

9. Clinical trial registration
The Nerve requires the registration of all clinical trials in line 

with the ICMJE and WHO declarations. From 1 January 2009, 

all prospective, interventional studies whether begun be-

fore or after that date must be registered with either a WHO 

primary registry or an approved ICMJE registry before the 

onset of enrolment of patients to be considered for publica-

tion. Trials beginning after 1 January 2009 must be registered 

before recruitment of the first patient. The Nerve will accept 

retrospective registration (i.e., registration after patient enrol-

ment begins) of trials that began before 1 January 2009.

For submission of a randomized controlled trial, please 

provide the registration number of the trial and the name of 

the trial registry in the last line of the paper’s structured ab-

stract. Click here for more information on how to format the 

registration. You may also like to read the published editori-

al for more information about the Journal’s policy on clinical 

trial registration.

For further information, see Statement from the Interna-

tional Committee of Medical Journal Editors and the World 

Health Organization (WHO) International Clinical Trials 

Registry Platform.

Reporting Guidelines

To ensure the highest quality of research reporting, The 

Nerve follows the EQUATOR network resource centre for 

good research reporting. The Nerve strongly advises authors 

to follow the standard formats and guidelines provided.

1. Randomized Controlled Trials
Randomized controlled trials (RCTs) should be reported 

according to the standard guidelines outlined in the Con-

solidated Standards of Reporting Trials (CONSORT) state-

ment. CONSORT has developed a checklist to include when 

reporting such trials. The Nerve also encourages authors to 

include the patient flow diagram.

2. Systematic reviews and meta-analyses of RCTs 
(QUOROM)
Systematic reviews or meta-analyses of RCTs should be based 

on the Quality of Reporting of Meta-analyses (QUOROM) 
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guidelines.

3. Meta-analysis of Observational Studies in Epide-
miology (MOOSE)
Meta-analysis of observational studies should be developed 

according to the Meta-analysis of Observational Studies in 

Epidemiology (MOOSE) guidelines.

4. Studies of diagnostic accuracy (STARD)
Reports of studies of diagnostic accuracy should be prepared 

according to the Studies of Diagnostic Accuracy (STARD) 

guidelines.
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Checklist

Title of article:               

Author(s) should check the followings items under the heading of ‘Authors’. The spaces under the heading of ‘Editorial Staff’ are 
reserved for editorial office. Please leave no marking at the spaces under the heading of ‘Editorial Staff’

Manuscript for the Nerve Check List

Check points Author Editorial Staff

Mandatory components of a manuscript: 

Formats and contents of the manuscripts are checked by corresponding author.

Words count. Manuscripts may be no longer than 6,000 words including all ele-
ments for Original Articles, 3,000 words for Case Reports including references.

□
YSE
□

NO
□

Manuscript layouts. Manuscript should be prepared in following orders; 
1. Original Article: title page, inner title page, abstract, introduction, materials and 
methods, results, discussion, conclusion, references, table, and figure legends. □

YSE
□

NO
□

2. Case Report: title page, inner title page, abstract, introduction, case report, dis-
cussion, conclusion, references, table, and figure legends.

Language. Text should be written in fluent, plain, readable American or English-style 
English. Proof reading is done.

□
Acceptable  
□

Inadequate
□

All pages are numbered in sequence, starting with the abstract page. □
YSE
□

NO
□

Title page:  

Components. The title page must contain all of the followings; clear title, name and 
affiliation of all authors, information of the corresponding author (address, tele-
phone number, fax number, and e-mail address), type of the article (review article, 
research paper, clinical article, case report) and any conflict of the interest.

□
Complete
□

Incomplete
□

Running head must be included consisting of no more than 65 characters/spaces. □
YSE
□

NO
□

External title page should be a separate file. □
YSE
□

NO
□

Inner title page:  

Only title of the manuscript is listed. Any information on the authors and corre-
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